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In the following pages are compiled a number of diagrams and con- 
cise tables relating to the strength of beams and structural design, 
carefully selected from Machineey's monthly Data Sheets, issued as 
supplements to the Engineering and Railway editions of Machinery 
since September, 1898. 

In order to enhance the value of the tables and diagrams, brief ex- 
planatory notes have been provided. In many cases in these notes 
references are made to articles which have appeared in Machinery 
and to matter published in Machinery's Reference Series, giving addi 
tional information on the subject. These references will be of consider- 
able value to readers who wish to make a more thorough study of the 
subject. In a note at the foot of each table reference is made to the 
page on which the explanatory note relating to the table appears. 
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Formulas and Tables for Beam 
Calculations 

On page 4 is given a collection of for- 
mulas for beams of rectangular or round 
cross-section, supported and loaded in 
various manners. The table has been 
arranged in the simplest possible man- 
ner, and any required formula can be 
found at a glance. [Machinery, Decem- 
ber, 1903, Flexure Simplified; March and 
May, 1907, Fundamental Ideas on the 
Strength of Beams; Machinery's Refer- 
ence Series No. 19, Use of Formulas in 
Mechanics, Second Edition, Chapter V, 
The First Principles of the Strength of 
Beams.] 

On page 5 are given constants used 
in beam calculations for various cross- 
sections of beam. The formulas for 
maximum bending moment and maxi- 
mum deflection for beams loaded in 
various ways are also given on the 
same page. [Machinery, June, 1909, 
The Relation of Depth to Span of a 
Girder; January, 1910, To Calculate the 
Deflection of a Special Steel Section; 
February, 1910, Deflection of Beam Uni- 
formly Loaded for Part of its Length; 
June, 1910, Limitations of the Common 
Theory of Flexure.] 

On pages 6 and 7 tables are given 
of section moduli and weights per foot 
of beams of round, square and rectan- 
gular section, as well as of I-beams, 
channels and angles. These tables will 
be found particularly convenient for 
quickly determining the sizes of beams 
for supporting given loads. [Machin- 
ery, December, 1904, Strength of Beams 
with Ribbed Sections; June, 1905, Notes 
on the Strength of Beams, Plates and 
Columns; September, 1905, Beam Formu- 
las; May, 1906, Sections of Cast-iron 
Beams.] 



On pages 8 and 9 are given two beam 
charts by means of which the proper 
section to support a given load with a 
given length of beam may be found. 
The directions for the use of these 
charts are given on page 7. 

Areas for Small Rectangles— Net 
Areas of Structural Angles 

On pages 11, 12 and 13 are given ta- 
bles for the areas of rectangles, the sides 
of which are given in fractions of an 
inch. These tables will be found es- 
pecially convenient when calculating 
the moment of inertia and section mo- 
dulus of built-up structural shapes. 
[Machinery, January, 1910, To Calcu- 
late the Deflection of a Special Steel 
Section.] 

On pages 14 to 17, inclusive, are given 
tables of the weight and areas of struc- 
tural angles, together with the net area 
of the section with holes for rivets de- 
ducted. When using these tables, the 
lengths of the legs of the angles are 
added together, and the sum of the 
lengths is first found in the left-hand 
column of the tables. Then the thick 
ness of the angle is found opposite this 
sum in the second column; the third 
and fourth columns give the weight in 
pounds per foot, and the cross-sectional 
area in square inches. The remaining 
columns give the net area after having 
deducted for one or two rivets of sizes 
as specified at the head of the columns. 

At the foot of the table on page 17 a 
supplementary table is given of the area 
which is to be deducted for various sizes 
of rivets and angle thicknesses. This 
table may be used for determining the 
net area of angles of dimensions not 
given in the table, or for rivet sizes not 
specified. 
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Designing" Eccentrically Loaded 
Bolt and Rivet Groups 

On pages 18 to 21, inclusive, four ta- 
bles are given which, greatly facilitate 
the solution of problems in the design 
of eccentrically loaded bolt and rivet 
groups. The explanatory example on 
page 18 gives full directions for the use 
of these tables. [Machinery, August, 
1910, Eccentrically Loaded Bolt and 
Rivet Groups.] 

Angles of Hopper Side 
Intersections 

The finding of the angle of intersec- 
tion between the various inclined planes 
in a rectangular hopper is a rather per- 
plexing problem. In order to make the 
solution of problems of this kind easier, 
the diagrams on pages 22, 24 and 25 
have been prepared. These diagrams 
permit the required angle of intersection 
to be read off at a glance, when the in- 
clinations of the side planes of the hop- 
per are known. The descriptive mat- 
ter on page 22 and the directions for the 
use of the diagrams on page 23, give the 
necessary information for their appli- 
cation to practical problems. 

Sections for Crane and 
Telpher Runways 

In the design of crane, telpher and 
similar runways, suitable provision 
should be made for the lateral strength. 
The three types of section most com- 
monly used for the purposes mentioned 
above consist of: 1. An I-beam for ver- 
tical strength with a channel riveted 
to the compression flange for lateral 
stiffness. 2. The same construction, 
with the addition of a smaller channel 
to the tension flange to increase the 
vertical strength. 3. Two I-beams side 
by side, with a cover plate on the top 
flanges only. 

An illustration of each of these three 
types is shown on pages 26 and 27, 
where also the section modulus, moment 
of inertia and other properties of the 
three types of built-up sections are given. 
[Machinery, May, 1908, Maximum 



Stresses; April, 1910, The Design of a 
Plate Girder.] 

Formulas for Beams Supporting 
Moving Loads 

The most common case of moving 
loads is that of two wheels equally 
loaded, such as a crane trolley on the 
crane bridge, or the bridge upon the 
runway. There is nothing difficult about 
finding the maximum moment, provided 
the location of the load upon the span 
which produces the maximum moment 
is known. The general rule covering 
this case is: 

For moving loads, when all the loads 
are upon the span at once, the maximum 
moment under any particular load will 
occur when the center of the span is 
midway between this load and the cen- 
ter of gravity of all the loads. 




^ =u ^.J-lrj..-4fW.j; 

!VI 2 : I 



X CALCULATED 
BY METHOD 
OF MOMENTS 
. *-20" 



Flfif. 1 

The load which produces the maxi- 
mum moment will in nearly all cases be 
the heaviest one of the two loads ad- 
joining the center of gravity, hence the 
•rule may be stated: 

Place the center of gravity of all the 
loads and the heaviest load adjacent to 
the center of gravity equidistant from 
the supports, and find the moment un- 
der the heaviest load. 

Example. — What is the maximum mo- 
ment produced by the system of wheel 
loading shown in Fig. 1? 

Solution. — First find the center of 
gravity of all the loads by taking mo- 
ments about some point of reference. 
Dividing the algebraic sum of the mo- 
ments by the sum of the loads gives the 
distance from the point of reference to 
the center of gravity, thus: 

(Continued on page 46.) 
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/y 32 


f 4 


3. 
<3Z 


'<8 


<3Z 


'16 


7 <32 


. k 


'<3Z 


0.000971 
















.he 


J00/9S3 


0.0039 6 


The fracnon giving rne a/r/ruae or rne rscrong/e 
is found at top of the columns, the base in the 


%z 


.002930 


.00S8S9 


0.008-789 


left-hand column, and the area in fh 


e body of 


\ 


.0.03906 


.007812 


.0/17/9 


0.01S62S 


the tab A 


9^ 




%z 


.004883 


.009766 


.0/46^8 


.C/9S3I 


0.0244 / 4 


%L 


.00S8S9 


.01/7/9 


..0/7S78 


.023437 


.0292,97 


0.O3S/S6 


\z 


.006836 


.0/3672 


.02 OS 08 


.027344 


.034/80 


\04I0I6 


0.0478S2 


fe 


.0078/2 


.0/S62S 


.023437 


.03/ 2S 


.0390 62 


.046 81 r S 


.0S4687 


0.O62S 


%2 


.008789 


.OZ7S78. 


.026367 


..03S1S6 


.04394S 


*0S2 734 


.06/S23 


.07O3I2 


% 


.009166 


.0/ 9S3f 


.029297 


.639 062 


.048828 


■\0S8S94 


.0683S9 


.078/2S 


% 


.010742 


.02/484 


.032227 


.042969 


.OS 37 1 1 


.0644S3 


.07S19S 


.08S937 


% 


.OH 7/9 


.02343 7 


.03S/S6 


.04687S 


.0S8S94. 


.0703/2 


.082 031 


.0337S 


%Z 


.0/269S 


.0253 9/ 


.038O86 


.0S0781- 


.063477 


t . 07 6/ 72 


.'.0888 67 


JO/S62 


V 


.013672 


\027$44 


.04/016 


.6S463? 


.068 3S9 


.082 03 1 


.09S703 


.I0937S 


% 


.014648 


.029297 


\04394S: 


,.0S8S3 : 4 


.073242 


.087891 


J02S39 


J/7/87 


% 


.0/S62S 


.Q312S- 


.04687S 


...062S 


.078 1 2S 


..0937 S 


J0937S 


.I2S 


'Jto 


.010 602. 


.033203 


.049 80S 


.96 64 06 


.083008 


.039609 


J/02// 


.132812 


% 


.017S78 


.03S/S6 


.OS 27 3 4 


.0703/2 


.08789/ 


JOS469 


.123047 


J4062S 


£ 


,01&SSf 


.037/09 


.OSS664 


.0742/9 


.032773 


.1 1 1328 


;/29883 


J 43437 


% 


.0/9 S3 1 


.'039062 


.0S8S34 


-.078/ 2 S 


,097 6S6 


J 17 187 


.1367/3 


.IS62S 


% 


.ozosoe 


.64) 0/6 


.06/S23 


,08203/ 


J02S39 


.123047 


J43SSS 


.164062 


% 


.021 4 $4 


.042963 


.0644S3 


.08S937 


.107422 


.128900 


JS0390 


J7I87S 


% 


,022401 


.044922 


.067383 


.089844 


'.II230S 


.134766 


./S7227 


.173637 


% 


;023.437 


1046 87S 


.0703/2 


.0337 S - 


.1/7/87 


J4062S 


J64062 


.I3 7S 


%z 


,024414 


.048828, 


.073242 


.097 6S6 


J22070 


.146484 


./70898 


.19S3IZ 


% 


:.02S39I 


.0S&73I 


,076/72 


J Cl/S 62 


J26 9S3 


.IS2344 


J77734 


.203 1ZS 


27, 
y 32 


.026367 


.OS 2734 


';079I0Z 


JOS469 


.131336 


JS6203 


J84S-7Q 


.210937 


~w\ 


.027344 


\OS4 607\ 


.68203/ 


J0937S 


J36719 


.164062 


J9J406 


.2187S 


23. 
■ %2 


.028.320 


:0S664t 


.084961. 


il/328 1 / 


,141602 


.169922 


.138242 


.226S62 


% 


.029297 


'.OS 8 S 94 


.08789/ 


./ Z7/87 


.146484 


.17S781 


.2 OS 07 8 


.23437S 


*s 


,03 2*73 


.06 OS '47 


.090820 


J2/094 


.IS1367 


.181 641 


.21 1.914 


.242187 


r 


.03/ 2S. 


.06 2S 


.0937 S 


./2S' 


./S62S 


18.7S 


.2187S 


.2S 


The areas of intermediate rectangles varying by fa can be found by inter- 
polation as the following examples show : 

( 32 x §4 ~*( nex f smaller area + next larger area) -5- Z 
One side given in 64 fhs. \ next smaller area ~§ 2 xL = O.O0S8S9 

[ +. next larger area - f 2 x JL = 0.008759 

(Continued on Sheet No, 2.) 
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%Z 


% 


%z ' . 


% 


%2 


% 


/5 
<32 


V 


%z 


0.019102 








, 








fr 


f .QS789/ 


6.097.656 














% 


\o$peeo 


J 07422 


0.1/81 64 












V 


J 054 09 


J 17J87 


J28906. 


0J40625 










%z 


./ 14256 


J'2 69'53 


J39648 


./5Z344 


OJ 65039 








\ 


J23Q47 


J 3 67/9 


</5039'/ 


.164062 


J 77734 


0./9/406 






$2 


J3/8\36 


J40484 


J0J /33 


J 7578/ 


J90490 


.205078 


0.2/9727 




h 


J40625 


J 5625 


.17 J 875 


./87S 


.203/25 


.2/875 


.234375 


0.2S 


y 32 


J 404/4 


J 660/6 


: ,l8Z6/7 


.1092/9 


.2/5820 


.232422 


.249023 


.265625 


V 


,/ 58203 


J 7 57 8 1 


J 93359 


.2 / 0937 


,2235/6 


.246094 


.263672 


.28/25 


/9, 
$2 


J 06992 


./ 85547 


.204/02 


.222 656 


.24 /~2/ / 


.259766 


.278320 


.296875 


% 


J '757$/ 


'J353/2 


..2/4844 


.234375 


.253906 


.273437 


.292.969 


.3/25 


*k 


.164570 


,205078 


.225586 


.246094 


\266602 


.287/09 


f 307 6/7 


.328/25 


% 


J9$353 


.2/4 844 


.23 6328 


.2578/2 


.279297 


.30078/ 


.322266 


f 34375 


%i 


.202/46 


',22460$ 


.247 070 


■ .26953/ ■ 


.297992 


.3/4453 


.3369/4 


.359375 


% 


.2/0937 


'.234375 


.2578/2 


.28/25 


.304687 


,328/25 


.35/562 


,3 75 


'3Z 


.2/9727 


..244/4/ 


.268555 


'.292969 


.3/7383 


.34/797 


.3662// 


.390625 


% 


.2285/6 


.253 906 


.2792$7 


,304687 


.330078 


.355469 


.380859 


.406 Z5 


% 


.237305 


.263 672 


.£90039 


.37 6406 


".3427 73 


.369/4/ 


.395508 


.4Z/675 


\ 


.246094 


.273437 


.30078/ 


.328/25 


'.355469 


.3828/2 


.4/0 J 56 


.4375 


% 


.254883 


.283203 


.3/ / 523 


.33 9844 


.368 / 64 


.396484 


,424805 


.453/25 




.263672 


-.292969 


322266 


.35/562 


.380859 


.4/0/56 


.439453 


.4687 S 


31 
'32 


.27246/ 


.302734 


.333008 


.3 6328/ 


.393555 


.423828 


.454/02 


.484375 


:/'. 


.28/25 


.3/25 


.343 75 


.375 


.40625 


.4375 


.468 75 


.5 


InierpoJc 


if Ion (Continued) 

next smaller area + next /arger area 


1 )2 
64 J 


0oth 


steles g/v& 


n in 64ths.< 


nexfsma 
\hexf larg 


2 i 
l/erarea~ § z x§ z = 0.00293 o 
er area* f t x 4 ~0.0O78/2 

0.010742^0.00537/ 

deducfcLf =0.000244 

**■ 0.0O5I21 



J 
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% 


% 


%2 


% 


'32 


% 


<32 


% 


%2 


0.282221 
















\ 


.293828 

1 


0.3/0400 














% 


.3/54.30 


..333 3.84 


0.352539 












% 


.33 20 3 / 


.35/502 


.37/034 


0.390 625 










2/, 


.348033 


.303/4/ 


'.$89648 


A/0/56 


0.430604 








% 


.365234 


.3807/3 


.408203 


.429637 


.45 ■/'/? '2 


0.472 656 






23, 
$2 


.38/830 


.404297 


.426758 


.4492/3 


.47 J 1 80 


.494/4/ 


0.5/6 60/ 




\> 


.3$8437 


^,42/875 


.4453/2 


.468 75 ■ 


.492/87 


.5/5625 


.539062 


0.5025 


%2 


.4 IS 033 


.439453 


.463867 


.48828/ 


.5/2 095 


.537 / /O 


.56/523 


.585937 


V 


.43/64/ 


.45103/ 


.482422 


'.$07812 


.533203 


.558594 


.583984 


.609375 


27. 
'32 


.448242 


.474609 


.500976 


,521344 


.5537/ / 


.58 007 8 


.$06445 


.6328/2 


■V 


,404844 


.492/0.7 


.5/953/' 


.546875 


.5742/9 


.60/562 


.628906 


.65625 


62 


.48/445 


.509766 


\5$8086 


.566400 


.594727 


.623047 


.65/367 


.679087 


'% 


.498047 


.527344 


.55664/ 


.585937 


.0/5234 


.64453 J 


.673828 


'.703/25 


SL 

<32 


.SI 4 048 


.544922 


.57?/ 95 


.605469 


.635 742 


.6660/6 


.696289 


.72 6562 


/ 


.S31 25 


.5625 


.59375 


.625 


.65625 


.6815 


.7/875' 


.7S 






















*%z 


% 


ZZ 
, <32 


\ 


29, 
■<32 


% 


'32 


1 


$2 


0.6/ 03 52 
















% 


.034 70 


0.0:60/56 














<32 


.65.9/80 


.68554 7 


0.7//9/4 












¥ 


.083534 


.7/0937 


.73828/ 


0.765625 










42 


.708008 


.736328 


.764 648 


.792969 


0.82/2/89 








id 

'/6 


.73 2422 


,70/7/9 


.19/0/6 


,8203/2 


.849 609 


0.8189 Q6 






&2 


.:7S6836 


.787/09 


.8/7333 


.847056 


.877330 


.908203 


0.938477 




t 


.78/25 


,8}25 


.84375 


.875 


.90625 


.9375 


.96875 


/.00000 




















Areas of rectangles taraer than given In table- 

a b ccf - ■ * 

Example : /f$x '2 §2 = 'axc+bxc + axd+bxdl 

axe- 1x2- 2.000000 
bxc= 2x2* L37SOOO 
axd* / xf B - 0.0937 fo 
bxd^'-Lx 3 - 0.064453 
/e? 32 3.53 3 2 03 
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Sum of 
Length 
of Legs 


thick- 
ness 


Weight 


Area 


Area after Deducting for 




One% 
Rivet 


\ Rivets 


\R 


f 'vefs % 


One 


Two 


One 


Two 


4" 


*m 


Z.S 


0.12 


0.S8 


— 





— 





''4 


3.2 


0.94 


' o.is 


— 





— 


— 


*'t* 


4.0 


t./s 


0.9Z 


— 





— 


— 


% 


4.7 


1 .3 


1 .08 


— 





— 


— 


> 


S.3 


I.S0 


1.23 


— 


— 


— 


— 


sit" 


he 


2.8 


0.8/ 


0.61 


O.0S 


— 


— 


— 


h 


3.7 


1 .00 


0.8 1 


0.84 


0. 2 


0.8 1 


0.S6 


S 'l6 


4.S 


1.3 I 


1.08 


1 .04 


0.11 


l.OO 


0.63 


% 


S.3 


I.SS 


1.27 


1.2Z 


0.83 . 


/./I 


0.19 s 


7 O0 


0.1 


1.18 


1.4S 


1.40 


/ oz- 


/.34 


0.30 


*'Z 


0.8 


2.00 


1.02 


1.S0 


1.1 Z 


1 .SO 


l.OO 


5" 


3 '!6 


3.1 


0.90 


O.10 


0.14 











''4 


4.1 


1.19 


1.00 


0.91 


o.is 


0.94 


0.69 


'*/* 


S.O 


1.41 


1.24 


1.2,0 


0.93 


1.16 


0.8S 


% 


S.3 


1.73 


1.4S 


1.40 


t.oi 


1.3S 


0.91 


7 't0 


0.8 


2.0O 


1.61 


1.02 


/.Z4 


1.S6 


1./2 


*'Z 


7.7 


2.2S 


1.81 


1.81 


1.31 


/.IS 


1.2S 


*Z 


h 


4.S 


1.31 


1.1 Z 


1.09 


0.81 


1.06 


0.8 1 


s 'n 


S.S 


1.02 


1.33 


1.3S 


1.08 


1.31 


/.OO 


3 '8 


0.0 


1.9Z 


1.04 


1.S9 


I.Z6 


1.S4 


1.10 


7 'i6 


7.0 


2.22 


1.83 


1.84 


1.40 


1.18 


1.34 


h 


8.S 


2. SO 


2.1 2 


2.00 


1.6Z 


2.0 O 


1 .SO 


9 'te 


9.S 


2.18 


2.3 


2.23 


1.80 


2.22 


1.06 


e" 


''4 


4.3 


1.44 


1.2S 


1.22 


l.OO 


1.19 


0.94 


S/ /e 


0.1 


1.18 


l.SS 


LSI 


1.24 


1.41 


/./*. 


*'8 


7.Z 


2.1 1 


1.83 


1.18 


1.4S 


1.13 


1.3S 


*<!9 


8.3 


2.43 


2.1 O 


2.0 S 


1.61 


1.33 


l.SS 


>'2 . 


3.4 


2.1 S 


2.3 1 


2.31 


1.81 


2.2 S 


/.IS 


*16 


10.4. 


3.66 


2.04 


2. SI 


2.08 


2.SO 


1.34 


% 


1 1 .4 


3.36 


2.89 


2.8 1 


2.20 


2.13 


Z./O 


"//* 


IZ.4 


3.0S 


3.13 


3.03 


2.43 


2.96 


2.21 


$z 


S 't6 


0.0 


/ .93 


1.10 


1.00 


1.39 


I.0Z 


1.31 


3 '8 


1.8 


2.30 


Z.OZ 


1.37 


1.04 


1.92 


I.S4 


> 


9.1 


2.0S 


2.3 2 


2.21 


1.89 


2.Z1 


1.77 


>'Z 


10. Z 


3.00 


2.63 


2.S6 


2.1 2 


z.so 


2.00 


3 '/6 


/ 1 .4 


3.34 


2..9Z 


Z.8S 


Z.3 6 


2.18 


2.ZZ 


ffi 


12. S 


3.61 


3.ZO 


3.12 


2.S1 


3.04 


2.41 


% 


13.0 


4.00 


3.48 


3.40 


2.8 O 


3.31 


2.0Z 


*h 


14.1 


4.3 1 


3.1 S 


3.0S 


2.93 


3.S6 


2.3/ 


% 


IS.1 


4.02 


4.0 1 


3.9 1 


3.26 


3.81 


3.00 


1 


Vote: The 


» size ofr 


tvef bote* 


i is tyfat 


ger than diameter of rive 


t 
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■ 


Sum of 
Length 
of Legs 


Thickness 


Weight 


Area 


Area after Deducting for 




% Rivets 


% Rivets 


One 


Two 


One 


Two 


7" 


% 


l.l 


2.09 


/.82 


/.SS 


/.1 8 


/.41 


% 


8..S 


2.48 


2. IS 


/.82 


2.1 o 


t.72 


7 ',6 


9.8 


2.81 


2.49 


2.1 / 


2.43 


/.93 


''2 


//./ 


3.2S 


2.8 1 


2.31 


2.1 S 


2.2S 


9 m 


tZ.3 


3.62 


3./3 


2.64 


3.Q6 


2. SO 


% 


/3.6 


3.98 


3.43 


2.88 


3.3S 


2.12 


% 


14.8 


4.34 


3.14 


3./4 


3.6S 


2.96 


»4. 


/6.0 


4.69 


4.03 


3.37 


3.94 


3./9 


/3 ',6 


11./ 


S.03 


4.32 


3.6 / 


4.22 


3.4/ 


'Z 


S '!6 


7.7 


2.2S 


t.98 


t.l 1 


t.94 


/.63 


% 


9./ 


2.61 


2.34 


2.0/ 


2.23 


/.9t 


7 'l6 


IO.S 


3.09 


2.1 1 


2.33 


2.6S 


2.2/ 


•'2 


/ 1.3 


3. SO 


3.06 


2.62 


3. OO 


2. SO 


9 ',6 


13.3 


3.90 


3.4/ 


2.92 


3.34 


2.18 


% 


14.6 


4.30 


3. IS 


3.20 


3.61 


3.04 


"',* 


IS. 9 


4.68 


4.03 


3.48 . 


3.99 


3.30 


% 


17.2 


S.0 6 


4.40 


3.14 


4.3/ 


3.S6 


/3 //* 


/8.S 


S.43 


4.12 


4. Of 


4.62 


3.3/ 


e" 


** 


8.2 


2.4b 


2./3 


1.86 


2.09 


/.IB 


% 


9.8 


2.86 


2. S3 


2.20 


2.48 


2./0 


7 ',6 


J 1.3 


3.3/ 


2.93 


2.SS 


2.81 


2.43 


fe 


12.8 


3.7 S 


3.3/ 


2.81 


3.2S 


2, IS 


9 //e 


14.2 


'4. /8 


3.69 


3.20 


3.62 


3.06 


% 


/S.7 


4.6/ 


4.06 


3.S/ 


3.98 


3.3S 


% 


11. / 


S.03 


4.43 


3.83 


4.34 


3.6S 


3 '4 


/8.S 


S.44 


4.18 


4J2 


4.63 


3.84 


' 3 ',6 


19.9 , 


S.84 


S./3 


4.4/ 


S.03 


4. 22 


sf 


*',6 


8.1 


. 2.S6 


2.23 


2.02 


2.2 S 


t.94 


% . 


JO, 4 


3. OS 


2.12 


2.39 


2.61 


2.23 


7 ',e 


12. P 


3. S3 


3./S 


2.11 


3. OS 


2.6S 


''2 


/3.e 


4.00. 


3.S6 


3./B 


3. SO 


3.00 


■ *, 


/S.2 


4.41 


3.98 


3.49 


3.3/ 


3.3S 


' *s ■ 


te.8 


4.92 


4.31 


3.82 


4.29 


3.66 


"<«> 


18.3 


S.37 


4.11 


4.11 


4.68 


3.99 


% 


13.8 


S.8/ 


SJS 


4.49 


S.06 


4.3/ 


/3 ',e 


2/. 3 


6.2S 


S.S4 


4.83 


S.44 


4.63 


V 


22.1 


6.61 


S.90 


S./4 


S.19 


4.3/ 


Note : The s/i 


r e of rivet 


ho/es Is 


's$ "larger than diameter off 


■ivef. 
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MACHINERY'S DATA SHEETS 
NET AREAS OF STRUCTURAL ANGLES— III 



No. 18 



















Sum of 

Length 

erf Leg 


Thickness 


Weight 


Area 


Area after Deducting for 




\ Rivets 


7% Rivets 


One 


Two 


One 


Two 


9" 


% 


1 i.o 


3.23 


2.90 


2.S7 


2.85 


2.47 


7 'I6 


12. a 


. 3.75 


3.35 


2.99 


3.31 


2.87 


l 'Z 


14.5 


4.25 


3.8P 


3.39 


3.15 


3.25 


3 'ie 


! 6.2 


4.75 


4.26 


3.77 


4.19 \ 


3.63 


% 


J 7.8 


5.23 


4.68 


4.14 


4.60 


3.97 


"'I* 


19.5 


5.12 


5.12 


4.52 


5.03 


4.34 


3 '4 


zi.i 


6,19 


5.53 


4.88 


5.44 


4.63 


< 3 'W 


2Z.7 


6.65 


5.94 


5.23 


5.84 


5.03 


7 '8 


24.2 


7.11 


6.34 


5.58 


6.23 


S.35 


sk" 


3 '8 


1 1.7 


3.42 


3.09 . 


2,16 


3.04 


2.66 


7 '16 


/3.e 


3.97 


3.59 


3.21 


"3.S3 


3. 03 


'/* 


15.3 


4.5 O 


4.06 


3.62 


4.0 O 


3.50 


9 '/6 


11.1 


'5. 03 


4.54 


4.05 


4.47 


3.9/ 


S '3 


18.9 


S.S5 


S.OO 


4.45 


4.32 


4.23 


"//* 


20.6 


6.06 


5.46 


4.86 


5.37 


4. 63 


3 '4 


22.3 


6.56 


5.90 


5,24 


5.81 


5.06 


/3 '/e 


24. O 


7.06 


6.35 


5.64 


6.25 


5.44 


7 '8 


25.7 


7.55 


6.78 


6.02 


6.67 


5.73 


/s //e 


27.3 


8.03 


7.21 


6.39 


7.09 


6./ 5 


I 


28.9 


8.50 


7.63 


6.75 


7.50 


6.5 O 


10" 


3 '6 


12.3 


3.61 


3.28 


2.9S 


3.23 


2.85 


7 'I6 


/4.3 


4.18 


3.80 


3.42 


3.74 


3.30 


''2 


16.2 


4.75 


4.3 1 


3.87 


4.25 


3.75 


<*//<£ 


18.1 


5.31 


4.82 


4.33 


4.75. 


4./ 3 


** 


20.0 


5,86 


5.3/ 


4.7$ 


5.23 


4.60 


ll fl6 


2/ .8 


6.41 


5.81 


5.21 


5.72 


5.03 


% 


23.6 


6.34 


6.28 


5.63 


6.19 


5.44 


l3 oe 


25.4 


7.47 


6.76 


6.05 


6.66 


5.85 


7 'S 


2 7.2 . 


7.99 


7.22 


6.4 6 


7.// 


6.23 


'*'16 


28.9 


8.50 


7.68 


6.86 


7.56 


6. 62 


1 


3 0.6 


9.00 


8.13 


7.25 


8.0O 


7.00 


l0 B 


7 'it 


15.0 


4.40 


4.0Z 


3.64 


3.96 


3.53 


''2 


17. O 


5.00 


4.5S 


4.13 


4.50 


4.00 


9 m 


19./ 


5.59 


5.10 


4.61 


5.03 


4.47 


*'e 


21 .0 


6.17 


5.62 


5.08 


5.54 


4-$ Z 


"m 


23.0 


6.75 


6./ 5 


5.55 


6.06 


5.37 


*'+ 


24.9 


7.31 


6.65 


6.00 


6.56 


5.8/ 


/3 oe 


26.8 


7.87 


7.16 


6.45 


7.06 


6.25 


7 '3 


28.1 


'8.42 


7.65 


6.89 


7.54 


6.67 


'*'* 


30.5 


8.91 


8.15 


7.33 


B.03 


7. /O , 


i 


32.3 


9.50 


8.63 


7.75 


8.50 


7.50 


No 


ie : The si 


ze of rive* 


t holes Is 


'/#" larger than diameter 'or rivet. 
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NET AREAS OF STRUCTURAL ANGLES— IV 



17 















Sum of 
Length 
of Legs 


Thickness 


Weighr 


Area 


Area after Deducting for 




^ Rivets 


7 /# Rivets 


One 


Two 


One 


Two 


12 


r 


**> 


14.9 


4.36 


4.03 


3.1 O 


3.98 


3.60 


7 'I6 


11.2 


5.0 6 


4.68 


4.30 


4.62 


4.18 


''Z 


19.6 


5.75 


5.3 I 


4.81 


5.25 


4.75 


9 //6 


21.9 


6.43 


5.94 


5.45 


5.87 


5.3 1 


*S 


24.2 


7./ / 


6.56 


6.0 I 


6.48 


5.85 


"f J6 


20. S 


7.78 


1./8 


6.58 


1.09 


6.4 O 


** 


28.7 


8.44 


7.13 


1.12 


7.69 


6.94 


ty,6 


31. 


9. 09 


8.38 . 


1.61 


8.28 


7.41 


7 '3 


33. I 


9.74 


8.91 


8.2 I 


8.86 


1.98 


$,6 


3S.3 


10.37 


9.55 


8.13 


9.43 


8.49 


1 


37.4 


1 1 .OO 


IO./3 


9.25 


IO.OO 


9.00 


14 


ff 


•'z 


23.0 


6.76 


6.3/ 


5.89 


6.26 


5.76 


9 'I6 


26.0 


7.65 


1.16 


6.61 


l.O 9 


6.53 


*<*■ 


26.1 


8.44 


1.89 


1.35 


1.82 


7.13 


"m 


31 .1 


9.32 


8.12 


8./2 


8.63 


7.94 "*• 


** 


33.8 


9.94 


9.28 


3.63 


9.19 


8.44 


,3 >!6 


36.6 


10.76 


I0.05 


9.34 


9.95 


9./4 


7 'fi 


39. S 


1 1.62 


t 0.85 


to. OS 


tO.14 


9.87 • 


/s m 


42. 


12.35 


J 1 .53 


I0.7 I 


If. 41 


10.48' 


I 


44:4 


/3.06 


12.19 


7 / .3/ 


I2.06 


1 1.06 


if 


•(z 


26.4 


1-15. 


1.30 


6.88 


7,25 


6.75 


9 'I6 


29.6 


8.69 


8.20 


7.7 f 


6.1 3. 


7.57 


*'8 


32.7 


9.6 f 


9.06 


8,52 


- 8?99\. 


8.3 6 


• "//» 


35.8 


I0.53 


9.93 


9.33 


9.84 


9.15 


*'4 


38.9 


1 1.44 


IO.1 8 


I0.13 


JO. 6 9 


9.94 . 


' 3 '16 


42. 


f2.34 


f t.63 


I0.93 


//.52 


fO.72 


■''s 


4S.O 


13.23 


12.47 


ff.7f 


I 2:35 


If .48 


*fn 


48. 1 


14. !2 


13.3/ 


12.49 


13. 18 


Z2.24 


1 


S/.O 


I5.0O 


Z4./3 


13.25 


/4.00 


13.00 


Iht 


54.0 


15.87 


14.95 


I4.0! 


14. 8/ 


13.75 . 


■7fe 


56.9 


16.14 


Z5.76 


14.11 


15.62 


14.49 


Area Deducted 
and 


for Various Sizes of Rivets 
Thickness of Angles. 


No. of 
Rivets 


Size of 
Rivets 


Thickness 


3/ /e 


V 


S 'I6 


% 


7 'i6 


:V 


3 '/6 


% 


% 


% 


% 


7 '8 


% 


I 


1% 


'» 


/ 


*'8 


0.09 


OJ3 


r 0.I6 


O.IB 


0.22 


0.25 


0.28 


0.3 I 


0.34 


0.38 


0.41 ( 


144 


0.41 


0.50 


— 




/ 


fe 


o.iz 


O.lt 


? 0.20 


0.23 


0.27 


0.31 


0.35 


0.39 


0.43 


0.41 


0.51 ( 


1.55 


6.58 


0.63 


— . 


— 


/ 


•<* 


0.14 


O.li 


) 0.23 


0.28 


0.33 


0.38 


0.42 


0.47 


0.52 


0.56 


0.61 t 


7.66 


0.10 


0.15. 


0.80 


0.84 


2 


% 


0.Z8 


0.3L 


3 0.46 


0.56 


0.66 


0.75 


0.84 


0.Q4 


1.03 


1,12 


1.22 * 


(.3/ 


1.40 


1.50 


1.60 


1.68 


1 


% 


o./e 


0.21 


10.21 


0,33 


0.38 


0.44 


0.49 


0.55 


0.60 


0.66 


0.71 t 


7.17 


0.82 


0.88 


0.93 


0.98 


2 


*« 


0.33 


0.4< 


tO.54 


0.66 


0.76 


0.87 


0.98 


1.09 


1.20 


1.31 


1.42 1 


'.S3 


1.64 


1:75 


f.86 


1.97 


1 


\ 


o.ie 


0.2. 


50.31 


0.38 


0.44 


0.50 


0.56 


0.63 


0.63 


0.15 


0.81 ( 


7.88 


0.94 


1.00 


1.06 


Lit 


. 2 


7 <& 


0.37 


O.Si 


7 0.62 


0.7 S 


0.87 


LOO 


1.12 


f.25 


1.38 


L50 


1.62 > 


f .l5 


1.81 


2.00 


2.12 


2.25 


/ 


1 


0:21 


0.21 


3 0.3 £ 


0.42 


0.49 


0.56 


0.63 


0.70 


0.11 


0.84 


0.91 C 


1.98 


1.06 


1.13 


J.20 


1.26 




Note: The size of rive 1 


1 botes is '%" larger than diameter of rive f. 
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18 • MACHINERY'S DATA SHEETS No. 18 

LOADS FOR ECCENTRICALLY LOADED RIVET GROUPS— I 



Directions for Using Tables. 

The following fables facilitate the finding of the number of 
rivets to support eccentric loads. 

All the fables are calculated for a vertical spacing of 'rivets 
of three inches; size of rivets, \ L inch; and maximum stress 
per square inch, I0,ooo pounds. 

To use the fables, decide on the number of verffcaf rows of 
rivets, and the distance between the outside rows, if more 
than one row is used. * Then, in the fable for fhe number of 
rows adopted, find fhe number of rivets required for fhe given load, 

Example :- Find number a f rivets required for supporting^ 
a load of sooo pounds, applied IS inches from fhe center of fhe 
rivet group: Three vertical rows of rivets will be used; distance 
between outside rows, 6 inches. (See ill us f ration below). 

In Table JJI f giving the number of rivets for three vertical rows, 
find fhe distance (18 inches) be- ^ 




fween fhe load and cen fer of rivet 
group; then in the section headed 
"id inches' 1 and in the column headed 
"d inches "(horizontal distance between 
the outside rivet rows), find the figure 
nearest to the given load. This figure 
is S.6, which, being in thousands %T~" 
of pounds, is equivalent to a load ? i 
of S60O pounds. Now follow fhe *T~\ 
horizontal line from S.6 to fhe _|__ 
left where fhe number of rivets 
for fhe given case is found to be 3. 


J 


i 


—16-— ->§ 




i&* 


1 ^ > i 


- 






I/ 


rente* 


of GraYffu^*"^ 












Table of Number of Rivets for Eccentric Loads 
One Verficat Row of Rivets. 

Body of Table Gives Total Load in Thousands of Pounds 
Vertical Spacing of Rivets, 3 /f - 3ize of Rivets, %. 


Number 

of 
Rivets 


Horizontal Distance between Load and Center of Rivet Group 


o" 




3" 


e" 


9" 


12" 


IS" 


18" 


21" 


24" 


1 


4.4 




















2 


8.8 


6.2 


3.9 


2.1 


1.4 


I.I 


0.9 


0.7 


0.6 


O.S 


3 


13 


IO 


7.3 


4.1 


2.8 


2.1 


1.7 


1.4 


1.2 


I.I 


4 


IT 


IS 


I f 


Jo.T 


4.7 


3.6 


2.3 


2.4 


2.1 


1.8 


S 


22 


13 


IS 


9.8 


6.3 


S.3 


4.3 


3.6 


3.1 


2.7 


e 


26 


24 


20 


13 


9.S 


7.4 


e.o 


S.O 


4.3 


3.8 


7 


30 


28 


2 4 


1 7 


1 Z 


9.8 


7.3 


6.7 


S.8 


S.I 


8 


3S 


33 


23 


21 


IS 


12 


10 


8.S 


7.4 


6.4 


3 


33 


37 


33 


2S 


19 


IS 


12 


1 O 


9.2 


8.1 


10 


44 


42 


38 


29 


22 


18 


IS 


12 


II 


9.8 


// 


46 


40 


43 


34 


26 


21 


18 


IS 


13 


II 


IZ 


SZ 


SI 


41 


38 


30 


2S 


20 


18 


IS 


J3 
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No. 18 BEAM FORMULAS AND STRUCTURAL DESIGN 19 

LOADS FOR ECCENTRICALLY LOADED RIVET GROUPS— II 



Two Vertical Rows of Rivets. 

Body of Table Gives Total Load in Thousands of Pounds 
Vertical Spacing of Rivets, 3 fl - Size of Rivets, %. 


Number 

of 
Rivets 


Horizon fa! Distance between Load and Center of Rivet Group 


0"\ l'' Z " | 3" I 6* 


Horizonfcrf Distance between Rivet Rows 


Any 


3 


6 


9 


12 


IS 


3 


6 


9 


12 


IS 


3 


6 


3 


12 


IS 


2 


8,8 


4.4 


5.8 


6.6 


1.1 


1.3 


2.9 


4.4 


S.2 


5.8 


6.3 


1.1 


2.9 


3.1 


4.4 


4.9. 


4 


11 


1 1 


12 


13 


14 


14 


1.9 


9.5 


IO 


II 


12 


4.3 


6.5 


7.f 


9.1 


9.9 


6 


Z6 


19 


19 


20 


21 


22 


13 


IS 


16 


18 


19 


3.6 


IO 


12 


14 


/S 


8 


35 


21 


21 


23 


29 


29 


20 


22 


23 


24 


25 


13 


/S 


11 


19 


20 


10 


44 


31 


36 


36 


31. 


31 


29 


29 


30 


31 


32 


19 


20 


22 


24 


26 


12 


52 


46 


44 


44 


44 


45 


38 


31 


38 


39 


4 


25 


26 


28 


30 


32 


1:4 


61 


55 


53 


S3 


54 


54 


46 


45 


46 


46 


41 


31 


33 


34 


36 


38 


ie 


10 


64 


61 


6f 


62 


62 


56 


54 


54 


55 


56 


39 


40 


41 


42 


44 


18 


19 


13 


11 


11 


11 


11 


65 


63 


63 


63 


63 


48 


48 


49 


SO 


51 


20 


88 


82 


80 


80 


80 


80 


74 


12 


12 


12 


12 


51 


56 


S6 


SI 


59 


22 


96 


92 


88 


88 


88 


88 


83 


80 


80 


80 


81 


65 


64 


64 


65 


66 


24 


I OS 


101 


91 


91 


91 


91 


33 


89 


89 


89 


83 


15 


13 


13 


73 


74 


Number 

of 
Rivets 


Horizontal Distance befy/een Load and Center of /?/ vet Croup 


9" | 12" \ /S<' 


Horizontal Distance befyveen R/vet Rows 


3 


6 


9 


12 


IS 


3 


6 


9 


12 


IS 


3 


6 


3 


12 


/S 


2 


1.2 


2.2 


2.9 


3.5 


4.0 


LO 


1.1 


2.4 


2.9 


3.4 


0.8 


1.4 


2.0 


2.5 


2.9 


4 


3.S 


4.8 


6.1 


1.2 


8.1 


2.1 


3.9 


5.0 


6.0 


6.9 


2.2 


3.2 


4.3 


S.2 


S.9 


6 


6.2 


8,0 


9.5 


10 


12 


4.8 


6.3 


7.9 


9.2 


10 


3.9 


S3 


6.6 


7.9 


3.1 


8 


9.6 


1 1 


13 


15 


16 


1.4 


9.1 


10 


12 


14 


6.0 


7.6 


9.2 


10 


IZ 


to 


14 


15 


11 


IB 


21 


II 


12 


14 


16 


18 


9.0 


IO 


12 


14 


16 


12 


19 


2 


22 


24 


26 


IS 


16 


18 


20 


22 


12 


13 


IS 


11 


19 


14 


24 


25 


21 


29 


31 


19 


20 


22 


24 


26 


IS 


11 


18 


20 


23 


16 


30 


31 


32 


3S 


31 


24 


2S 


21 


29 


31 


20 


21 


23 


2S 


27 


18 


31 


31 


39 


41 


43 


30 


30 


32 


34 


36 


24 


25 


21 


29 


31 


20 


44 


44 


45 


41 


49 


36 


36 


31 


39 


42 


29 


30 


31 


33 


36 


22 


sz 


51 


52 


53 


S5 


42 


42 


43 


45 


41 


35 


35 


31 


39 


41 


24 


60 


59 


S9 


60 


62 


49 


49 


SO 


SI 


S3 


41 


41 


42 


44 


46 


Number 
■ of 
Rivets 


Horizontal Distance befy/een Load and Center of Rivet Group 


18" | 21" | 24" 


Horizon fa / Distance between Rivet Rows 


3 


6 


9 


12 


IS 


3 


6 


9 


.12 


IS 


3 


6 


9 


IZ 


IS 


2 


0.1 


L2 


1.1 


2.2 


2.6 


0.6 


I.I 


1.5 


1.9 


2.3 


O.S 


LO 


1.4 


1.7 


2J 


4 


1.9 


2.8 


3.1 


4.5 


S.3 


1.6 


2.4 


3.3 


4.0 


4.1 


1.4 


2.1 


2.9 


3.6 


4,2 


e 


3.3 


4.5 


5.1 


■ 6.9 


8.1 


2.9 


3.9 


SO 


6.2 


1.2 


2.5 


3.S 


4.5 


S.& 


6.5 


8 


SJ 


6.5 


8.0 


9.4 


to 


4.4 


5.6 


1.0 


8.3 


9.1 


3.9 


S.O 


6.3 


1.5 


8.8 


IO 


1.6 


8.8 


IO 


12 


14 


6.6 


1.6 


9,1 


IO 


12 


S.8 


6.8 


8.1 


9.1 


It 


J 2 


to 


It 


.13 


IS 


11 


9.1 


IO 


It 


13 


IS 


8.0 


8.9 


IO 


II 


13 


14 


13 


14 


16 


18 


20 


II 


12. 


14 


.16 


18 


10 


If 


12 


14* 


16 


16 


1.1 


18 


19 


21 


23 


14 


IS 


11 


19 


21 


13 


13 


IS 


11 


. 19 


18 


21 


21 


23 


25 


21 


18 


18 


20 


22 


24 


16 


16 


/a 


20 


22 


20 


25 


26 


21 


29 


31 


2 2 


23 


24 


26 


28 


20 


20 


21 


23 


25 


22 


30 


30 


.32 


34 


36 


26 


26 


28 


30 


32 


23 


23 


ZS 


21 


29 


24 


35 


3S 


36 


38 


40 


31 


31 


32 


34 


36 


21 


21 


28 


30 


33 
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LOADS FOR ECCENTRICALLY LOADED RIVET GROUPS— III 



Three Vertical Rows of Rivefs. 

Body of Table Gives Tofaf Load in Thousands of Pounds 
Vertical Spacing of Rivefs, 3 /f —Size. of Rivefs, |r. 


Number 

of 
Rivefs 


Horizontal D is fa nee between L<?ad an of Center of R/'vef Group 


0" | IV | 3* I 6" 


Horizon fa f Distance between Outside Rivet Rows 


Ant/ 


6 


8 


IO 


12 


6 


8 


IO 


/2 


6 


3 


JO 


J2 


3 


13 


7.5 


8.4 


3.1 


9.6 


5.7 


6.2 


6.9 


7.5 


3.3 


4.0 


4.7 


S.3 


6 


.26 


16 


17 


18 


19 


12 


13 


14 


J5 


7.8 


9.0 


JO 


I I 


9 


39 


28 


28 


29 


30 


ZO 


21 


23 


24 


13 


14 


16 


J7 


1Z 


S2 


39 


40 


40 


41 


30 


31 


32 


33 


20 


21 


'23 


24 


15 


ee 


52 


52 


53 


S3 


41 


42 


43 


44 


28 


29 


3 


32 


18 


19 


66 


6 6 . 


66 


66 


53 


S3 . 


S4 


SS 


37 


38 


39 


40 


21 


91 


19 


79 


79 


• 79 


66 


66 


67 


67 


47 


48 


49 


SO 


24 


IOS 


92 


92 


92 


32 


73 


79 


79 


79 


S8 


S8 


59 


60 


27 


118 


106: 


106 


106 


106 


32 


32 


32 


92 


69 


69 


70 


71 


30 


132 


119 


119 


119 


119 


106 


106 


106 


I06 


82 


82 


82 


83 


33 


J4S 


132 


132 


132' 


132 


119 


119 


119 


119 


94 


34 


34 


95 


36 


JS8 


146 


146 


146 


146 


133 


133 


/33 


133 


lOl 


107 


J07 


IO! 


Number 

of 
Rivefs 


Horizontal Distance between Load and Center of Five f Group 


3" | 12" | /£" 


Horizonfaf Distance between Outside Rivet J?ov/s 


e 


8 


IO 


12 


6 


8 


JO 


12 


6 


8 


IO 


12 


3 


2.4 


3.1 


3.5 


4.0 


1.9 


2.4 


2.8 


3.3 


J. 5 


2.0 


2.4 


2.8 


6 


S.8 


6.1 


7.6 


8.5 


4.5 


5.4 


6.1 


6.9 


3.7 


4.5 


S.I 


S.4 


9 


10 


1 1 


1 2 


13 


7.9 


8.3? 


3.9 


I 1 


6.6 


7.4 


8.0 


9.4 


12 


15 


16 


J 7 


^19 


I 2 


I 3 


14 


15 


I O 


J / 


J 2 


J 3 


15 


2 1 


22 


23 


25 


16 


17- 


19 


■ 20 


J4 


JS 


16 


J 7 


18 


28 


29 


3 


32 


22 


23 


24 


26 


.is 


/9 


20 


22 


2 1 


36 


31 


38 


39 


29 


30 


3 1 


3 2 


24 


2S 


26 


27 


24 


45 


45 


46 


47 


36 


37 


3 8 


39 


3 


3 1 


32 


33 


21 ■ 


55 


55 


56 


56 


44 


44 


45 


46 


36 


37 


38 


39 


30 


65 


65 


65 


66 


53 


S3 


54 


55 


44 


45 


46 


47 


33 


16 


16 


76 


77 


62 


62 


63 


64 


S2 


52 


S3 


S4 


30 


81 


81 


87 


87 


72 


72 


72 


73 


60 


.61 


62 


62 


Number 

of 
Rivefs 


Horizonfaf Distance between Load and Center of R/vef Group 


IS" j 2/" | 24" 


Horizontal Distance between Outside Rivet Rows 


6 


8 


IO 


/2 


6 


8 


JO 


J2 


6 


8 


JO 


12 


3 


1.3 


1.1 


2.0 


2.4 


I.I 


1.5 


1.8 


2J 


I.O 


1.3. 


J. 6 


1.9 


e 


.3.2. 


3.8 


4.4- 


5,0 


2.8 


3.3 


3.9 


4.4. 


2.5 


3.0 


3.4. 


3.9 


9 


5.6 


6.3 


7.2 


7.9 


4.9 


5.5 


6.3 


7.P- 


4.3 


4.3 


5.6 


6.2 


12 


8.4 


9.3 


1 


II 


7.2 


8.1 


9.0 


JO 


.6.5 


7.2 


8.0 


8.9 


is . 


1 f 


12 


13 


14 


/ O 


.11. 


12 


13 


9.1 


9.9 


I O 


I 1 


18 


1 6 


1 1 


18 


1 9 


14 


14 


IS 


16 


I 2 


13 


14 


15 


21 


20 


21 


22 


23 


1 7 


18 


19 


20 


JS 


16 


17 


18 


24 


25 


26 


27 


2 8 


22 


23- 


24 


25 


19 


20 


21 


22 


21 


.3 1 . 


32 


33 


34 


27 


28 


29 


30 


'24 ■ 


2S 


26 


27 


30 


38 


38 


39 


40 


33 


.34 


35 


.36 


2 9 


30 


31 


32 


33 


45 


45 


. 46 


47 


39 


39 


\ 40 


41 


35 


35 


36 


. 37 


3e 


52 


53 


54 


54 


46 


46 


47 


48 


■4 


41 


42 


42 
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Four Vertical Rows of Rivets, 

Body of Table* Gives Tofaf Load in Thousands of Pounds 
Vertical Spacing of- Rivets, 3 /f -Size of Rive fs, %. 


Number 

of 
Rivets 


Horizontal Distance between Loacf and Center of Rivet Group 


0" | IV | 3" | 6" 


Horizon fat Distance between Outside Rivet Rows 


Any 


9 


12 


IS 


18 


9 


.12 


IS 


18 


3 


12 


/S 


13 


4 


1 7 


It 


1.2 


13 


13 


8.0 


9.2 


I O 


II 


S.2 


6.3 


7.2 


S.O 


8 


3S 


23 


2S 


26 


21 


1 1 


19 


2 1. 


2 2 


/ / 


13 


/S 


16 


12. 


S2 


3 1 


3S 


40 


43 


28 


30 


32 


34 


18 


2/ 


23 


2S 


16 


lo 


S2 


S4 


SS 


S6 


4 1 


43 


4S 


46 


28 


30 


32 


34 


ZO 


88 


69 


1 O 


11 


12 


SS 


si. 


S8 


60 


38 


40 


42 


4S 


.24 


/OS 


86 


86 


81 


88 


11 


12 


13 


14 


SO 


S2 


S4 


S6 


28 


123 


104 


104 


104 


IOS 


81 


8 1 


88 


89 


63 


6S 


66 


68 


32 


140 


122 


122 


122 


122 


104 


104 


IOS 


IOS 


11 


18 


19 


80 


36 


'IS8 


139 


139 


139 


139 


122 


122 


122 


122 


92 


93 


94 


9S 


40 


116 


IS7 


IS1 


IS1 


IS1 


139 


139 


139 


139 


IOS 


108 


109 


J IO: 


44 


193 


US 


IIS 


IIS 


IIS 


IS6 


IS6 


ise 


IS6 


124 


i24 


124 


I2S 


4*8 


21 f 


193 


193 


193 


193 


114 


174 


114 


114 


140 


140 


140 


141 


Number 

of 
Rivets 


Horizontal Distance between Load and Center of Rivet Group 


3" | IZ" | iS« 


Horizontal Distance between Outside Rivet Rows , 


3 


12 


IS 


18 


9 


12 


IS 


18 


9 


12 


IS 


18 


4 ' 


3.8 


4.1 


S.S 


6.3 


3.0 


3.8 


4.S 


S.2 


2.S 


3.2 


3.8 


4.4 


8 


8.S 


1 O 


II 


12 


6.1 


8.2 


9.4 


I 


S.6 


6.3 


8.0 


9.0 


12 


14 


16 


18 


20 


1 1 


13 


1 4 


16 


9.4 


II 


12 


14 


16 


2 1 


23 


2.S 


21 


1 1 


19 


2 1 


23 


14 


IS 


/ 7 


19 


2 


29 


3 1 


33 


3S 


23 


2S 


21 


29 


19 


21 


23 


2S 


24 


38 


40 


42 


44 


3 1 


33 


3S 


31 


2S 


21 


29 


3 1 


28 


48 


SO 


S2 


SS 


39 


41 


43 


4S 


32 


34 


36 


39 


32 


00 


62 


6 J 


6S 


48 


SO 


S2 


S4 


40 


42 


44 


46 


36 


10 


13 


IS 


11 


S8 


60 


6.2 


6S 


49 


STf 


S3 


SS 


4 


86 


86 


81 


88 


1 O 


11 


13 


IS 


S9 


60 


62 


64 


44 


too 


too 


101 


102 


82 


83 


84 


86 


69 


io 


It 


13 


48 


114 


t/4 


1 IS 


116 


34 


3S 


96 


38 


8 


81 


83 


es 


Number 

of 
Rivets 


Horizontal Distance between Load and Center of Rivet Group 


18" | 21" | 24* 


Horizon fat Distance between Outside Rivet Rows 


9 


12 


IS 


18 


9 


12 


IS 


18 


9 


12 


IS 


/8 


4 


2.1 


2.1 


3.3 


3.8 


1.9 


2.4 


\ 2.9 


3.4 


1.1 


2.1 


2.6 


3.0 


8 


4.8 


S.9 


6.9 


1.9 


4.2 


S.2 


6.1 


l.O 


3.1 


4.6 


S.4 


6.2 


12 


8.0 


9.1 


10 


12 


l.O 


8.3 


9.6 


to 


6.2 


1.4 


8.S 


9.1 


16 


1 2 


13 


IS 


1 1 


1 O 


12 


13 


IS 


3.4 


/ o 


12 


13 


20 


16 


18 


20 


22 


14 


16 


11 


19 


13 


14 


16 


/ 7 


24 


22 


24 


2S 


21 


19 


20 


22 


24 


/ 7 


18 


20 


22 


28 


28 


30 


32 


34 


24 


.26 


28 


30 


2 1 


23 


2S 


21 


32 


34 


36 


33 


40 


3 


32 


34 


36 


21 


23 


30 


32 


36 


42 


44 


46 


48 


31 


39 


41 


43 


33 


3S 


36 


38 


40 


SI 


S2 


S4 


S6 


4 4 


46 


48 


SO 


40 


41 


43 


4S 


44 


60 


6 1 


62 


64 


SI 


S3 


SS 


SI 


48 


49 


SO 


S2 


48 


69 


11 


12 


14 


6 1 


63 


64 


66 


SS 


S6 


s-i 


SB 
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ANGLES OF HOPPER SIDE INTERSECTIONS— II 





Sec f /on 8-8. 



Sec f /on D-D. 



A bore sections taken In p/crne 
perpendicutar to tine of /nfersecf/on. 




Directions for the use of fhe diagrams, 
in the accompanying iifusf ration of hopper, /ef f/?e s/opes of the four sides 
be known, as indicated be/ the stope in inches per foof. For fhe intersection 
angfe of the side stoping if inches in /£ inches tvtfh fhe side s /oping /2 
inches in 0% inches, use diagram for one angte more than 4& degrees 
and one angte tess than 45" degrees . ( $ee 'Upper dfagram, sheets III 
and IV.) At fhe /eft of fhe diagram are ra/ues ranging from 6 
inches to /2 inches for ang/es /ess than 4S degrees. Fo//oyy fhe 

horizon fat tine at it inches unfit it meets fhe yerf/ca/ tine projected, 
up from (5% inches. The in terse Cf /on of these fy/o tines giyes, on 

fhe curves across the diagrams, the nearest ya/ue for fhe fnfersecf/bn 
angfe, which In this case is 4% inches in /2 inches. (See secf/on A-A 
of hopper on this sheet.) in a simitar manner r use fhe diagram for 
two ang/es both more than 4$ degrees (hirer dfagram sheets III and 
IV) for section B- B, and for section D-D use diagram for / wo 
ang/es tess than 4S degrees , sheef I. 
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\b 


Properties of Sections Cons/stingy of One 




ITS 1 
a ctr.ot 

-TjT 

1 

c 


Granty 


I- and One i—j-deam. 


Sectional Mocfu/us 


Moment 

of 
Znertia 


D/sfcrnce 
C 


Upper Chore/ 
dxfs a- a 


Lower Chord 
dxls a-a 


Upper Chore/ 
dx/s£-& 


to**-, /5* 

/O* ' I 25* 


52. 00 


27. /S 


/4.09 


/82. 72 


0.73 


/O i — / /S 
/2"l 3/.5* 


lO. 22 \ 


39.97 


/4.3S 


3//. 7& 


7.80 m 


/2 U i-j20.5^ 
/2* I 3/.S* 


8/. 7/ 


40.00 


22J9 


333.39 


3.20 


/2 M \-j 20.5* 
/2" I 40* 


90.4/ 


SO. 3/ 


22. SS 


390.9/ 


7.89 


/5* I 42* 


J03.55 


04.87 


Z4.80 


0O7.63 


3.37 


/2*4-^, 20.5* 
/£* I 42* 


//8.80 


00.00 


22.02 


048.08 


9.32 


/S"ts33* 
/s" I 42* 


Z5/.94 


08J8 


42.05 


724. 77 


/O.03 


/2"^ 25* 
/5*J SO* 


/3S.28 


7S.02 


2S.33 


742.07 


9.90 


ft"*-, 20.5* 
/5*I 00*' 


J40./7 


90./ 3 


23.50 


838.22 


9.30 


/s"^33* 
/5"l 0O* 


/73.S9 


93. 20 


43.43 


933. 9 O 


/0.02 


/2"is 20.5* 
I8 ,f I 55* 


/0Z.57 


99.// 


23. /0 


//22.90 


//.33 


/s"^33* 
/&"l 55* 


203./8 


/02.SO 


43.// 


/253 t 0O 


72.23 


,5*^33* 
/S"l 80# 


197,81 


Z20.Z7 


44.48 


Z/5/,27 


9.58 


/2 ,f u^20.5# 
2o"l 65* 


Z99.98 


/29.0O 


23.72 


7594. 03 


/2.30 


/s"^33* 
2<f I 05* 


247. SO 


/33.8S 


43.50 


/772. // 


73.24 


/s"i^33* 
20 tt I 80* 


278.43 


Z04.98 


44.52 


2//3.3Z 


/2.8t 


/5"is40* 
20 J, I 80* 


3 OS. 4 4 ' 


J08.OS 


49. Z2 


2220.02 


73.25 \ 


/s"^33* 
24" I 80* 


339. Z7 


Z90.Z3 


44.50 


3032./6 


75.40 


/s"^S5* 
24" 1 100* 


455. OO 


2:39. S3 


0O. 04 


3894. 80 


70.20 
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1 f--£--*1 


Properties of Sections Consisting 'of Two 




i 


Ctr\of 
'Grtfity 


- 

I 


I-beams and One Connecting Plate. 


-& Sectional Modulus 


Distance 
D 


Moment 

of 
fnerf/a 


O/sfcrnce 
C 


Upper Chord 
Axis a-a 


Lower Chord 
Axis a-a 


UpperChord 
Axis t?-b 


^ j* • 


2-10*1*25* 


ei.o/ 


54./ 8 


20.27 


5.75 


337. 02 


6.22 


H4*X i'P/. 
2-/2*JS3/.S* 


/3/,53 


8/. 72 


36.30 


7.50 


630.03 


7.7/ 


H4'x % PL 
2-12' is 40* 


Z47.64 


/OO. 75 


40.38 


7.25 


748.53 


7.43 


H4*X i*PL 
2-/5* is 42* 


192.53 


/31.50 


40.03 


7.00 


Z2ZZ.OO 


9.21 


1-15 *x % PL 
2-15*1*00* 


239.39 


/ 79. 40 


55. 3 O 


7.50 


/ 58 9. 54 


8.80 


/•I5x gPl. 
2-15*1* 70* 


25/. 22 


Z96.35 


6/. 22 


7.50 


/708. 27 


8.70 


/-/Sx i'PL 
2-/5*1*80* 


285.65 


230.98 


65.55 


7.25 


/ 979. 53 


8.57 


H6*X £*P1. 
2-/8' 'l* 55* 


279. 2 


Z97.60 


60.5/ 


8.50 


2/40. 06 


ZO.83 


H0*x£'p/. 
2-20*1$ 05* 


347.57 


257. 80 


65.48 


8.25 


3034.28 


//. 77 , 


hW'xgPL 
2-20*13 80* 


4O6.10 


3/8. 45 


67.99 


V.50 


3658.97 


//.49 


H8*x i'PL 
2-24*1* 80* 


504.42 


379. 58 


90.22 


9.50 


5306.49 


Z3.98 


f-/8"x i'PK 
2-24* is /OO* 


S45. 59 


435. 11 


Z06.Z2 


9.50 


59 3 0. 54 


J 3. 63 


\° 


The channel given first is on the top chord 


a i 

Tfaci] 
i t 

c 1 


^a 

Gravity 


Properties of Sections Consisting/ of One 
I and Two l-j -beams. 


.Sectional Modulus 


. Moment 

of 

/nerfict 


Distance 
C 


Upper Chord 
Axis a-a 


Lowerchord 
Axis a-a 


Upper Chord 
Axis b-n 


LoyrerChord 
Ax/'s b-b 


1-8*^11.25* 


62.87 


43.62 


/4.09 


8.97 


321.89 


5J2 


1-12, <s 20.5* 
no": I 25* 
HO t-^/5* 


76.93 


50.92 


21.98 


/4.09 


394.66 


5.Z5 


1-/2* I 31.5* 

HO* t-r^/S* 


99.54 


68. 40 


22./ 9 


14.35 


603.23 


6.22 


HFLi-'2a5* 
1-/5*1 42* 
/-/0*is/5* 


139. 08 


/OO. 03 


22.62 


/4 f 86 


/040.34 


T.80 


1-15*1 42* 
1-12* is 20.5* 


185.6/ 


Z/9.97 


42.65 


22.62 


j '3 '36.49 


3.20 


J-/2",t-^20.5# 
1-/8* I 55* 
H0't-ul5# 


135. 03 


/38. 27 


23.16 


Z5.52 


/ 652. 32 


9.35 


H5"u^33* 
1-18,1 55* 
1-12* is 20. 5* 


241. O0 


Z63. Of 


43.// 


23./ 6 


2075./7 


9.79 
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loco f ion for Max /mum Moment. 



£ ap 



i 



H- 



■4- 



T" 



I 



B c 1 

1 I 11 ! 



i i 
l „ 2 \tT\y \ 

1 



L— — 



L 
~2~ 



CS denotes center of span. 

CO denotes center of gravity of toads. 

W n denotes heaviest toad ad/ace nt to CO. 

Let W= to tat toad and ft = moment. 

For ti a maximum ptace cs midway 
between /% and CO and find M under 
PV/j . For reactions, fy - !^ anc f /? r m 
W-Ri. For maximum moment fffti 
Dfy-(tyl,t n%Zz) t or since D c -D n ,M = 



Two Wheels Equaf/ t f Loaded. 




Diagram of \ T 
moments for\ ^ 
three positions^ 
of toad. 

D/agram of 
shear pott? 
wheete on span! 



D/agram of . 
maximum 
moments m i 
of any point I 
of the beam, i 

L< QQ. 

Dtaaram of ! In fhese two diagrams dotted 
maximum V-MQes st?ow continoatioc 
shear at any 
point of beam. 

For B-or exceeds O. S8S3L, A? 

and f? r =j(D r i-§). 




Notation: All ratues in inches and pounds. 
W=fofaffoad. rife = toaci on one trbeef. 
Z = iengfh of span. 8 = tvheet base. 
\ Rj- left reaction. f?r m right reaction. 
If- rer f feat shear = reaction nearest to 
the point under consideration. 
Df~ distance to front wf?eef \ . 

O r - distance to rear yvbeet I f/7e /oact 
coming on from the feff. Mf/ - moment 
under front wheef, one wheefonfhespan. 
Mf2= moment under front wheef wiff? both 
wheefs on the span. ff r/ - moment under rear 
wheel, one wheel on the span. Mrs - moment 
under rear wheef, bofn wheefs on the span. 
OC- yafue of D r for tf r 2 a maximum, 
ti' maximum moment Z** section moduius. 
Sb~ stress due to bending. 

MfrWd-Df). Mrrf L r (L-Drh &- £fr-§)(*4X 



For values of 8 /ess Man 



0.S8S8L, jc-f-f and M- f' (/-& f. 
Z-£ar*-f. 



f 



For both wheets on the span, h}-£ (L-Dr-j) 



Two Wheeis Equati i f Loaded, Obi/qi/e ffeacfton. 



U 






_L 



■- — t— a 



^**\. Notation: Same as above with addition of ; a = angfe of the reaction 
'"^^^^ with beam. A= cross sectionat area of beam. 7- thrust or 
.£ r ...^^L^ ^^ pun due to obtique reaction. 5= direct sfress due to 7 
— - — - - — £=^ (tension or compression). 

T-p(D r + §), or T^^(D r t^)cof a. 

5~l-m(Dr + h or &-j$(0rr§)cofa. 

Mf2, M r?l , oc. M and St, - same as adore. 

S+S b -W( < HA -f ^ A or ' 

-i- ■ W /Dri- / 2B)cota. . Dr(L-Dr- / ZB\ 

s + s b m z c a *■ — ir '* 

ZZ L M 7 L R 

s5 -fSb - a maximum when D r * ^Ha t z"4- "zA co * a *z ~%* 
~For tight weigh f I- beams % * about j depth of beano. 




Contributed by John S. Myers, Machinery's Data Sheet No. 85. Explanatory note : Page 10. 
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TABLES FOR SHEAR OR MOMENT. TWO WHEELS EQUALLY LOADED 

















Notation : W- total had on wheels. 2 W= had on one wheel. L - iengf/? of spar? m 
B~ wheel base. Z7= distance from support to point at irhich moment or 
shear is required. /?« ratio of B to Z - B/a.. 3C~ ratio of O to L~ D/^_. M = 
bending moment. S~ vertical shear on beam which is also the reaction of 
the support nearest to the po/nt under consideration. V<m ana t/s are 
variables to be taken from tables. 




R-l 


Table giving? va/ues of Ifa in formu/a M— WL Ifa. 


Values of D//_ ~ JC. 


0.0s 


O./O 


O./S 


0.20 


0.25 


0.30 


0.35 


0.375 


0.40 


0.425 


0.45 


0.475 


a SO 


0.0 


0.041S 


O.090i 


2/275 


0./6 


OJ875 


0.2/0 


0.2275 


0.2344 


0.24 


0.2442 


0.24750.2494 


O.2S0 


0.1 


0.O4SO 


0.085 ( 


7./200 


0./5 


0./750 


0J95 


0.2/00 


0.2/56 


0.22 


0.223/ 


0.2250 0.2256 


0.225 


0.2 


0.042S 


0.080 ( 


1.//25 


0./4 


0./625 


0./80 


0./92S 


0./969 


0.2O 


0.2O 13 


0.2025 0.20/9 


0.200 


0.3 


0.0400 


0.075 c 


7./050 


0./3 


O./SOO 


OJ65 


0./75O 


0./78/ 


0./8 


O./8O6 


0./8000./78/ 


OJ7S 


0.4 


0.037S 


O.07O t 


0.0975 


0.(2 


0./375 


0./50 


0J57S 


0./594 


O./0 


0./594 


0./573 


OJS44 


O./SO 


O.S 


0.035O 


0.065 t 


7.0900 


0.1/ 


0./2SO 


OJ35 


0./400 


OJ406 


0./4 


0./38/ 


0. /350 


0./3O6 


OJ2S 


0.6 


0.032S 


0.060 i 


1.0825 


O./O 


0.//25 


O./20 


OJ225 


0./2/9 


OJ2 


0./222 


0./238 


OJ247 


0.125 


0.1 


0.0300 


0.055 t 


10750 


O.09 


O./OOO 


O./05 


0.//38 


0.//72 


0./2 


0./222 


0./238 


OJ247 


0./2S 


0.8 


0.027S 


0.050 ( 


7.0675 


0.08 


0.0983 


0./05 


0.//38 


0.//72 


0./2 


0./222 


0./238 


OJ247 


0./2S 


0.9 


0.0250 


0.0451 


0.O638 


O.08 


0.0983 


0./05 


0.//38 


0.//72 


0./2 


0J222 


0J238 


0./247 


0./25 


1 

or over 


0.0238 


0.045 t 


7.0638 


0.08 


0.0983 


0./05 


OJ/38 


0.//72 


OJ2 


0./222 


0/238 


OJ247 


0./25 


0.95 


0.90 


0.85 


0.80 


0.75 


0.70 


0.65 


0.625 


O.60 


0.575 


0.550 


0.525 


O.SO 


Values ot D/i_=3C trom other support 


In the above the values enclosed by heavy lines are maximum" 


/?=£ 


Tabie giving mfues of Vs in formula 5^ yVV 5 . 


*-£ 


fa/ues of D/ L - JC 


0.00 


0.O5 


O./O 


0./5 


0.20 


0.2S 


0.30 


0.35 


0.40 


0.4S 


0.50 


0.0 


1.00 


0.95 


0.90 


0.85 


0.80 


0.75 


0.70 


0'.65 


0.60 


0.55 


0.50 


0.0 


O.I 


0.95 


O.90 


0.85 


0.8O 


0.75 


0.70 


O.0S 


0.6O 


0.55 


0.50 


0.45 


O.l 


0.2 


0.90 


0.85 


0.80 


0.75 


0.70 


0.65 


0.60 


0.55 


0.50 


0.45 


0.40 


0.2 


0.3 


0.85 


0.80 


0.7S 


0.70 


0.65 


0.60 


0.55 


, 0.50 


0.45 


0.4 


0.3S 


0.3 


0.4 


0.80 


0.75 


0.70 


0.65 


O.0O 


0.55 


0.50 


0.45" 


0.40 


0.35 


0.30 


0.4 


O.S 


0.7S 


0.7O 


0.65*. 


0.60 


0.55 


0.50 


0.45 


6.40 


0.3S 


0.30 


0.25 


O.S 


0.0 


0.70 


0.65 


O.0O 


0.55 


0.5O 


0.45 


0.40 


0.35 


0.30 


0.27S 


0.25 


0.6 


O.J 


0.05 


O.0O 


0.55 


0.50 


0.45 


0.40 


0.35 


0.325 


0.3O 


0.27S 


0.25 


0.7 


0.8 


0.60 


0.55 


0.50 


0.45 


0.40 


0.37S 


0.35 


0.325 


0.30 


0.27S 


0.2S 


0.8 


0.9 


0.55 


0.50 


0.45 


0.425 


0.40 


0.37S 


0.3$ 


0.325 


0.30 


0.27S 


0.2S 


0.9 


1 
or over 


0.50 


0.476 


' 0.45 


0.425 


0.40 


0.375 


0.35 


0.325 


0.30 ■ 


0.275 


0.2S 


I 
orover 


1.00 


0.95 


0.90 


0.85 


0.80 


0.7S 


0.70 


0.6S 


0.60 


0.55 


0.50 


Values of D/^OC from other support 


In 
0., 
m 


both i 
5858 L 
axtmUi 


he aboye tables m /?-0 Indicates one wheel /nstead of two. When B= 
the moment with one wheel In the center of span is equal to the 
m moment wtth both wheels on. 

















Contributed by John S. Myers, Machinery's Data Sheet No. 85. Explanatory note : Page 10. 
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DIAGRAMS OF MOMENT AND SHEAR. TWO WHEELS EQUALLY LOADED 



Natation: 



W* to fa/ had j>W= toad on one wheel. B * whee/ base . Z - /eng/h 
of span. M= bending moment. 3' vertical shear. /?=• d/sf&nce- 
from nearest support to po/nf where moment or shear is reo-c/ired. 
V m and /£ are var/abies to be taken from the d/agrrams. Tne 
shear is a/so the reaction at the nearesf sapporf. 



Va/i/es of D. 




^J N "J 

§ & 8 

3 <3 Q 


8 



C5 



§■ § 
^h-^- 




Values of D. 



Example z W~ 20oo lbs. B=S * o.4L. 
L=2o'o: 

When D=6'o"=0.3L, what is the bending 
moment and shear ? 
By the diagrams V m =OJ£ and l^^O.s; 
then by formu/a ? Af~ 2000 x 20 x O./S ' ■* 
0000 ft lbs. S = 2000 xO.S= /OOO/bs. 



Contributed by John S. Myers, Machinery's Data Sheet No. 85. Explanatory note : Page 10. 
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In order fo provide the same security in both Manges of a beam the 
compress/on ffaqge shoufd either be supported against /a/era/ 
■flexure at distances not greafer than 20 times fhe ffange width,, 
or a lower stress shoufd be used for fhe compress/on ffange than 
is permissib/e for the fens ion ffange. 



The formuta given in the Cambria Steef Cos. band- book cot 
responding to teooo tbs. per sq incb safe fensi/e stress is: 



/80QO 



I+-: 



*3000b z 
where the letters hare fbe fof towing rafuesy 



1 safe com- 



pressive stress. L^fengfh unsupported in inches, 
breadth of ffange //? inches. 



The curve marked /60OO was plotted according fo the above 

formula. 

The curves for f4000, /?SOO and /oooo corresponding fensi/e 

stresses were p/otted from proportion a fig tower vafues. 

Values of 5 C read from the JOOOO curve, if considered 
as a decimaf r give the ratio of safe compressive fo 
safe fensife stress. 

Yafues read from the doffed fine in the same 
manner t give this ratio according fo fencot/d 
and Carnegie Cos hand-book. 




b = 



*/2SO0. What 



Examples: 

•£ — SS, safe tension ' 
is the safe compression ? 

Fo flowing as indicated bg arrows, the 

IZSOO curve gives 700O-, answer. 

Fof towing from A fo B then fo C indicates 

that for j==90 S c = Q.33f. 



/»! i I i I i I i 1 i I i I i 1 i I i I i I i 1 i 
SO 30 40 SO 00 70 80 



i 1 i I t I i 
90 lOO J/O 



Ratio of Span fo F/ange WktM-ty. 



Contributed by John S. Myers, Machinery's Data Sheet No. 85. Explanatory note : Page 47. 
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STRESSES IN THE MEMBERS OF ROOF TRUSSES. 

The accompanying tables give the percentage of the total load on a roof truss which 
each member of that truss bears. This load is made up of the weight due to the 
material of the roof covering, slate, corrugated iron, or other material; the weight due 
to miscellaneous loads, such as shafting, suspended machinery, etc. ; and the load due 
to wind pressure and snow. The sum of all these for a surface whose length is the 
total width of the roof from eaves to eaves, and whose width is the distance between 
the center line of adjacent spans, is the total load on each span. 

Having found the total load, select a suitable form of truss from among those 
represented by the skeleton diagrams in the accompanying data sheets. In these dia- 
grams the tension members are represented by single lines, and the compression mem- 
bers by double lines. Under the column representing the desired pitch of roof will be 
found a coefficient for each member of the truss. This coefficient, multiplied by the 
total load, gives the tensile or compressive stress, as the case may be, for that member 
Knowing the values of these stresses, suitable sections may be calculated from the data 
given in the handbooks of the various steel companies. The pitch of a roof is the 
height of the span divided by its length. 

The cut below illustrates the construction of a common form of roof truss. "Erec- 
tion marks," U L, LI, L 2, etc , are shown at all the connection points. Every member 
which goes to make up the connection at any given point is marked in the shop with 
the erection mark for that connection, and the drawings for each of the parts are 
similarly marked. This facilitates both the checking of the calculations and the erec- 
tion of the structure. 




2 Angles 



Machinery, JV.T. 



Roof Truss "With three Struts on a Side, showing Erection Marks. 



Contributed by R. F. Kiefer, Machinery's Data Sheet No. 53. Explanatory note: Page 47. 



No. 18 



BEAM FORMULAS AND STRUCTURAL DESIGN 



33 







JB 

a 


CM 


CM 


CO 


la r*«. r*» 


CM 


to 


LA 






si 


CM 


CM 


era 


CM LA CO CO 


^f 


ro 


CM 






fl- 




I"* 


CO 


tO CM CM r- 


CO 


CO 


CO 






ic 


VM 


T— 






f»" 






























'i 
















, 






£ 


















■ 




J^ 
















■o 


^) «5L 


¥ I 


3 


CM 


CM 


in 


t- co r** 


ro 


r**- 









§ 


2 


ro 


to 


T*- 


eo la ro CO 


ro 


CO 




3 




* 


Y 


era 


era 


r*. 


tO CM CM i— 


CO 


CO 


LA 


c 






* 1 




















c 













































" 3 


Jg 




















o 


ro 


ro 


r**. 


era c=> r^. 


CM 


r*» 


ro 


v_^ 






K. 


to 


ro 


CO 


CO LA CM CO 


CM 


r**. 


ro 










CO 


CO 


CO 


CM CM CM r- 


r*- 


LA 


^r 


■ 






© 
















0) 






CO 
















III 






















CO 






















0) 






J= 
















3 






Q 


fm 


r— 




era co f— 


LA 




LA 






i£ 


LA 


LA 




r^- un cd co 


CM 




r**. 


tt 






CO 


r*«- 


I s *- 


CO 


CM CM CM 1— 


CO 


LA 


ro 


h 


















u. 
O 













































<* 


tt 


U 


P W ph ■ o 


w 


•— > 


i4 


Ik 







































CO 




u 


GO 


ld 


la 


LA LA 

ro rf rf LA CO 


rr 


CM 


LA 


a 




SB 


r»» 


CD 


CO 


N * * N CO 


era 


CO 


r*-» 


u 




a. 

tO 


t 


CO 


*? 


CO CM CM r- i~2 


CO 


r*. 


ro 


a 






*"" 


^™ 


*~ 




r— 






2 
























K 


















in 


w ^y"^ 


fc; 


















2 


\ ^^ 


1 

s 


5 


era 


era 


era 


CM LA LA LA 


LA 


LA 


LA 




^^ ^^r^ 


1 


cl 


r*» 


ro 


ro 


CO CM CM CM *f 


I s - 


CM 


r**. 


u 


\?C ^ 


q 


^< 


era 


CO 


CO 


LA CM CM 1— t— 


CO 


CO 


ro 


X 


\S\* 




















1- 
z 


\\ 




































■ ■ 


vv -n ^^ 






la 






I s *- I s *- la la 


CO 


CM 


LA 




CO 


^ /f 




S 


r*«- 


LO 


LA 


t— t— CM CM 


LA 


«5T 


N- 


u 


\ X 




o 


co 


I s *. 


r**. 


LA CM CM r- i— 


r*- 


LA 


ro 


(0 


Y\. // 




CO 
















CO 

III 


\( "* 




































h 
CO 


\ 




p 








h« 








\\ 




— 


era 


h- 


r*- 


1— LA CM 


LA 


era 


LA 


\\ 




EL 


CO 


I s *. 


I s *. 


LA l— t— CM i— 


CO 


CO 


is. 




. 




CO 


r<- 


CO 


co 


r£ CM CM t— r- 


CO 


^r 


to 








< 


pq 


U 


Q H Ph O M 


H- » 


\4 


h^ 



34 



MACHINERY'S DATA SHEETS 



No. 18 



S—S. 

■ 

"5 



3 
C 
"••3 
C 


o 

CO 

111 

CO 
CO 

D 

h 
Ll 

O 
K 

U. 



CO 

III 
CD 

s 

111 

s 

u 

z 

h 
Z 

(0 

u 

• CO 
CO 

u 

h 

co 








5 
&. 
to 


JO 

oo ro 


r>- CO I s — CM I s *- CO i— to corf 

OOr-T-CM^r-^tOOlOM 


*3- 


r^ 

CO 






" 




*""* 




■ J I 

.1 

E. 


\ 


: ^\ 


1 


CO CM 

r*» cm 

CO OS 


CO CM LO ^f LO CM LO LO 
COt— t— CMCMCMt— r** U) N U) 

COCO«-r-Wr-^MWNOO« 


LO 


oo 


T— 


M 
U 



O 
CO 


in ro 

oo oo 


COOCONOJCSCD^!- r»* 

mcoooi-ooM ro.io co i— 

SCOr-»-CM!-r-M*«DNN 


r>- 
r>- 

LO 


LO 
LO 




*■"" 4 


Jf 
o 

CO 


co cm 


r-W^^COrf^CMcO^tOOCO 

inroooanoooNeoifloo 

CO LO i— CDCMCOr-CMrOtOCOr- 


r>- 

CO 
CO 


CM 

CO 
CM 


Tmm 






< pq 


U Q W fe O K ->!*! hJ S £ O 


E- 






JZ 

o 
'£ 
to 


OO CO 

r*» r^ 


eo^-rf rf oo to «*• oo 
co *t en to co oo cm eo ro 

CD CO CM CM CM i— CM i— CD CO 


ro 


LO 
CM 

CO 


r ™ 1 "~ 


*""" 1 ~" 






C^ ^^EEL ( 


) f 

5 

I 

J 


JT 

o 

51 


oo oo 
r*» r*. 
co en 


CO CO LO co r>- to to 
rococotocMcor*-CMr>*io 
cococmcmcmt— t— i— eo r*«. 


LO 
CM 

CO 


LO 


y, M, 


<M( TSl s 




5 

K 



O 
CO 


tO LA 

r^ r*» 

CO CO 


to cm r>- CO to to oo 

LOCMr'—LOi— COCOCMLOIO 
h«-COCMCMCMr-r-T— r^-CO 


rf 

LO 


ro 
ro 




x 


\\ \ « 


\ 




© 

CO 


era era 
oo oo 


co ro I s - co oo co lo co ro 

f-COCOLOi— GOLOCMLOC© 
CD LO CM CM CM t— t— i— CD LO 


CO 
CD 


LO 

r^ 
ro 




• 


• 






< ffl 


UQWf^OK^^I^ £ 


£ 


o 






No. 18 



BEAM FORMULAS AND STRUCTURAL DESIGN 



35 



m 

73 

i 

3 

C 

C 


o 

CO 

u 
co 

CO 

o 
o 

IL 



0) 

a 
u 

m 

2 
u 

2 

u 

X 
h 

Z 
CO 

u 

CO 

co 
u 

h 

CO 


f 




M 
o 

to 


CO LO 

i— r- la ro CM 

a o ^ cn q to 


4 

u 

CL 

HP 


ro cm co cm cm ro in 

cm ro r- o o <t CM 

r-0)0<tCMCMOCO 


1™ T— T— 


Vv \ L 


in 
J 


O 


* «■ in in in 

CO OO fOCN NW 


O 

51 


n co in co co 
ro in co ro co co ro 

CONNWr-^COlft 






O 
CO 


ro 

to w w in in w 
n n ro CM CO <t 


O 

bt 

o 

O 
CO 


WCOCOOONNr-W 

rococooocococMro 

OOCOCOMr-T-N^ 




^t L 




o 

E 

CO 


co co ro ro in 
r^. i>- ^- m co i>- 
co co ro cm in ro 


45 

o 

CO 


cm in cm in in r>- in 

<tcoin*tininr-N 
NinincMi-i-eow 








<|WOflH^ 




<<pqOQWP^OW 




o 

a. 
to 


I s - CM CM co in 

i— i— i— ro ro cm 
CD en ro cm co co 






V %. 


»4 

j 


• Y 


i 

- s 

'1 

5 


o 


ojn Ti- 
ro cm in cm in 

OO N CM CM N IA 


5 

'£ 



o 

CO 


in N N CO 
W CM r- r- *t ro 

N CO CM CM CD ^t 


JZ 

o 

HI 

CO 


co r- co co ro in 
I s - ro co co co r*- 
co in r— cm in ro 








<J pq O Q W fe 




_i 



36 



MACHINERY'S DATA SHEETS 
SPLICES FOR I-BEAMS— I 



No. 18 



Splice for 24 inch, 90 pound I-beam. 



i i i i i i i i i i i i i i i 

!!!!!!!!!!! I I i l ! /i i 




Bending efficiency ofsp/ice; 
Rivets, 85.4% 

Net section of beam, 85. 2 % 



u. 



k i'a'- 

3 V 



I 



F^ 



_ ©_© © 

© C> © © 



T^^A 



© © © ©i© © © © 

$ QQQlQQfQ Q 



©© 
© © 



§x7ix34P/a/e \ 
£x7$x /S P/afe 
?£ Rivets, '-^Hotes 



Efficiency of sp/ice for 
direct tension : 

Rivets, 

Net section of beam. 

Net section ofsp/ice 
pfates, 



83.1% 
9t.2% 

82.4% 



© ©! / 

13 



Weight ofSp/ice P/afes 
m pounds. 



Splice for 20 inch, 80 pound I-beam. 



i£m 



i* t" t" i* i n /* t" /* /* /" /" /" /" /" /* 



i i ■ >• i i J I i \i\\ 



h-< 




^j uo 1 o - ^rr wir ^ c/ 



v? 



-3'4- 



© © © ©i© © © © 

-t H -_-_-.-_v.- 

© © © ©i© © © © 



©_©_©_( 
© © © 



%x7x 3*4* Mate V. 
J > 7*: /'a" P/afe 



Bending efficiency ofsp/ice: 
Rivets, 30°/o 

Net section of beam 82.8% 

Effi'cienct/ ofsp/ice for 
direct tension : 

Rivets, 

Net section of beam, 

Net section ofsp/ice 
p/afes, 



80.7% 
88.8% 

86.7% 



7* * * t<* 

_ £ Rivers, ^ Holes 



Weight of Spfice P/afes 
/83 pounds. 



Contributed by A. L. Campbell, Machinery's Data Sheet No. 123. Explanatory note : Page 47. 
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Splice' for 18 inch, . 65 pound I-beam. 



-,' -,' ~t ~>\i „' -,/-.' -.' -/ -,/ 
I ! ! I 1 1 ! I I I N ! t ,i* 




181,65" 



c 
c 
c 
c 

c 



) 5 
) „^ 



Q Q 



Q © © 



© © ©i© © O 



\ r\ r\ r> S\ <-TF/~iT"\ r^ /-> r* 



© © QiQ © O 



Q Q 



B 



2x6/qx26 Plate % 
"x 6flx 13* Plate 



IgRivets, ft "Motes 



Bending efficiency ofspiice: 

Rivets, 93.6% 

Net sec fion of beam, 84.2% 

Efficiency ofspffce for 
direct tension: 

Rivets, 85.8% 

Net section of beam, 90. $ % 

Net sec fion of splice 

plates, 37.8% 



We'/gh f oi 'Splice Plates 
120 pounds. 



Splice for IS inch, 60 pound Ibeam. 






-A34W- 



L 



W U U U U UlW W W KJ U KJ 



N eutra f 
/Ix/s 



[-... 






Q © 


Q OQiO © © 


© © © 






© Q © 


© © Q\Q> Q © 


© © 





i"x 0xZ6"pJate- \ 

C /» Hi* I 



7 %f?/*ets, f 6 'Ho/es 



Bending efficiency ofspiice: 

Rivets, 67.3% 

Net section of beam, 80°/ Q 

Efficiency ofspiice for 
direct tension: 

Rivets, 84 % 

Net section of beam, 87% 

Net section ofspiice 

plates, 83.2% 



Weight of Splice Plates 
108 pounds. 
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Splice for 12 inch - 40 pound I beam. 



° 1 1 ! ! • ' \ i • i I I r i i • 




'i/2'1,40* 



> * 



uu \j \jiy, L/'\j xJ'0"& . Kjy - / VJ " 



VjiS 






7\* 3 I 



9 ftsfr&fn**'} 



a 



__Q ©_© 

00"09 



'©©!©©*© 



OOQJS 



3£ Rivets, ft * Holes 



Bending efficiency ofsp/ice: 
Rivets, 104 % 

Net sect/ on of beam, 80.7% 

Efficiency ofsp/ice for 
direcf tension: 

Rivets, 89.1% 

Net sec f ion of beam, 86.7% 

Nef section ofsp/ice 
plates, 35.4% 



Weight of Splice Plates 
8S pounds* 



Splice for 10'mch- 30 pound I-beam. 



!! | | : : i i 1 1 n ii / 



I Axis 



© Q 
_©_©. 
©© 
Q Q 



j^yuuu 



.©it 
©"©- 



^ M n -rr — *•? 



:-4 



>»3", .?<?* 



|< — /<? 

-rZO -J 




Bending efficiency ofsp/ice: 
Rivets, 89J% 

Net section of beam, 845% 



©_©_©!©_©_© 



©© © 



© ©!© © Q 



©© 



3 



%x4%x 20>tat9 
3 '6*4%%I0' Plate 

5£ Rivets, '-foHoieS^ 

Weight ofSp/ice P/ates 
5Q pounds. 



Efficiency ofsp/ice for 
direct tension: 
Rivets. 79.2% 

Net section of beam, 89. 8 % 
Net section ofsp/ice 
plates 90.4% 
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Splice for 8 inch, 20 J> pound I- beam. 

Bend/ng efficiency ofsptice: 



ft 



jlllll ill ! I T - 3 . 




81,20.5* 



f't 4*202 ' Plate 
£"*4"x log Plate 












jf Rivets, f$ Holes 

t§§~ 3 w *'9ht of 5p f,ce Mate* 



Rivets, &l°/a 

Nef sect /on of beam, 82. 6 % 

Efficiency ofsptice for 
direct fens ion : 

Rivets, 82.2% 

Nef sec f /on of beam, 88. 8 % 
Net sec f /'on ofsp/ice 

p/ates, /OO °/o 



3 & pounds. 



Splice for 7 inch, 17. S 'pound I- beam. 



II II {Hi! ill If \> 



Neutral 
i 'Axis 






I 1 

! •■ 
I, — 



,/" ! 



—I'd-- A 



! 8 



I II, ITS* 

+ 'x54%8%'P/a/eA 
%'x3%xi9'p/a/e 
f 6 'x3^x/0^P/afe 

i ff/vefs, £ Holes 



Bending efficiency ofsptice: 
Rivets, 82.3% 

Net section of beam* 82.3% 

Efficiency ofsptice for 
- direct tension: 

Rivets, 78% 

Net section of beam, 88.4% 

Nef section ofsptice 
ptafes, 89.7% 



Hrl4M-gfH-fM%H Weight of Sptice Ptates 

26 pounds. 



Splice for 6 inch, 14% pound I-beam. 

Bending efficiency of splice i 



^rrrtTtrrrr^ 



[Neujrt 






A£L 1 ** 



F 1, 14.75* 

^x4^xd^P/ate f \ 
fx sfx /sfplafe' 
gftivefs, f$ Holes 



Rivets, 83.3% 

Net section of beam, 89% 

Efficiency ofsptice for 
direcf tension: 

Rivets, 81.3% 

Nef section of beam, 87.8% 

Net sec f ion ofsp/ice 
p/afes, 3/. 5% 



S^1H^HHI333 Weight of Sptice P/ates 
gmtfm9T 1 Z3pounds. 
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Splice for f&fnch, 40 pound ChanneL 






Hi 




IS £,40 







26 

j - 1® 9. 9 1® 9. _®. I®. ® gJQ _9_ gj _Tj 



x3gx/3P/ote 
f*3fx 2 6* Plate 
fiRtvefsSjQ Motes 



Bending efficiency of splice: 
Rivefs, 87. 7% 

Nef sec f ion of channel, 81 % 

Efficiency ofspfice for 
cfirecf fensiom 

Rivefs, 87 % 

Nefsecfion of channel, 89.8% 
Net section of Spi/ce 
piafes* 99 % 



Weigh f^of Splice Piafes 
77 pounds. 



Splice' for 12 inch, 30 pound ChanneL 



* ., * , * - „ „ „ . , 
'I i MM!! i.i i M A 



ZZT^I I2C,30 




cflp-A> 



I I Q_QJ® \o_ €>_ G>\q Q_ oJ.Q_Q oJH 



§*3£x'//g P/ale\ 

%x3'%xZ3'ptafe 
^Rivets, -f e Hotzs 

Weigh f of Splice Piafes 
47 'pounds: 



Bending efficiency of splice: 
Rivefs, , 94.8% 

Nef section of channel, 83.7% 

Efficiency ofspfice for 
pfirecf. fens'/on: 

Rivefs S3. 2% 

Nefsecfion of channel, 91.6% 

fief section of splice 
piafes, 93.3% 
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Splice for 10 inch, 25 'pound Channel. 



-H |<-*-*-*-i<-+-l<-*-*-H Y-/$ 

•ii ! r 



sa . ^ rt * 



9QjQ< 

o 6 ! q* 



VJ\J\JKJKJUyjV\JV ] 




I0C T 2S* 




i tit 

- U0 L 1 






% *Rivete, d f 6 "Holes 



\ JQ Q_®-Q gjgJJg-QJlL-J 



Bending efficiency of splice: 
Rivets, 373% 

Net sect/on of channel, 92 % 

Efficiency ofsptice for 
direct tension: 

Rivets, 9/. 2% 

Net section ofchannet, 3f. 8 % 

Net section ofsptice 
plates, £3.8% 



Weight of Spfice Pfafes 
31 pounds-. 



Splice for 3 inch, 20 pound Channel. 



I 9 C4Z4Z4Z4Z42 4 Z4 ,„ 

'*-i rty » t f ■ M h» 
1111 



& 



0O | 9 0+ 
Q (3 Q Q — - *^ y — 



J. /'e5____J 



$ f, 20* 



3£x Z$ 3 " x t'6'p/afe 




3 /ft/Vefs, %"Pfo/es 



I \Q_Q ®_Q|Q.Q ®_Q\ J 



Bending efficiency ofsptice. 
Rivets, 90.8% 

Ale t section of channel, 30. 4 % 

Efficiency of splice for 
direct tension: 

Rivets, SO.7% 

tie f section of channel, 89.3% 

Net section ofsptice 
plates, IOO °/o 



Weight of Sptice Ptafes 
31 poonds. 



Contributed by A. L. Campbell, Machinery's Data Sheet No. 125. Explanatory note: Page 47. 
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Splice for 8 inch, Id. 2Sppvnd Channel. 



1 1 i \ i i i i i i ii 7 « 

\XXXXXXXXXx] /$ 







8 C, /6.2S* 3 

i 'x 6$x 'o' Plate '' M 
S '$x zgx /3*P/p/e 
% Rivets, j0 Ho/es 



1-jQ-Qg-Q.gj®.®®-®®! j 



Bending efficiency of splice: 
Rivets, 90 °/o 

JVef section of channef, 80. 2 % 

Efficiency of spfice for 
direct tension: 

Rivets, 79.5% 

Net section of channel, 89 % 

/Vet sec f ion of splice 

p fates, 93.3% 



Weight of Spfice Plates 
' 25 pounds. 



Splice for J inch, 14. 75 pound ChonneL 



» Z222222 u 
l-A |«|<-*->k->tc->M<->| (<-/ 

Ml I I I I. I It a 




\ |Q Q_9_®ig>_Q Q_Q|_ \ 



1 CJ4.75* 

4 "x Sfx fo"p/afe -*''( 
^xzgxj'Jptate*' 

€ $Rive+s, ft Holes. 

Weight of Splice Plates 
2/ pounds. 



Bending efficiency ofsp/ice : 
Rivefe, 83.2% 

Net section ofchannef, 79.3% 

Efficiency of splice for 
direct fensiom 

Rivets, 78. 7% 

Net section ofcfionnet, 88.6% 
Net section of spfice 
p/afes, 90.3% 



Splice for 6inch,J0.5pounc/ Channel. 



33333333333 

7 , wwmmmm 7 * 

* II I I I I I I I i I I II V 
IAAAAAAAAAA4AJ 



1- 


uwv 


p-^T^ 






r\ r\r\ i 


@-&j^s 




$-___ 


-i' 9 '- 


J\J\JKf 





G*r, tax* 

fr'r 4%x $lp>kttes% 
j>"x 2x /3'p/crfe-'' 
p Rivets, J* Ho/es 



L.lftg-giaLftfi39-Oft.Q-QLflC13 



Bending efficiency of splice} 
Rivets, 98% 

Net sec fion-of channel, 78. 2 % 

Efficiency ofspf/ce for 
direct fensiom 

Rivets, 85.7%, 

Net section ofchanrfef, 87.8% 

Net sec f ion of splice 
pfafes, fOO% 



Weight of Spfice Pfafes 
18 pounds. 
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STANDARD PROPORTIONS OF RIVETED JOINTS FOR PRESSURE TANKS 



*+ 



t 








&y 



f » thickness of plate, 

p~ pitch of riYefs, center to center, 

d - diameter of rivets before driving, 

D = diame fer of hole, 

5 - distance between lines of rivets, 

I = distance from edge of plate fof/rsf fine of rivets, 

u= thickness ofstrap 7 

£= efficiency of join f in per cent 



Thick 

ness of 

Plate 

I 



Lap Joint 
Single Riveted 



D 



lap Joint 
Double Riveted 



I 



Double Strap BuffJoinf 
Triple Riveted 



u 



s 

Te 



13 



59 



3% 
^10 



14 



88 



% 



2% 



se 



3 To 



'16 



72 



he 



80 



7 

re 



4 



S4 



3/0 



70 



86 



t 
2 



*i 



S3 



67 



9 
16 



2 !6 



>k 



SI 



3 l6 



66 



16 



% 



4 



<k 



66 



a 

16 



>k 



62 



/s 

16 



I 



z\ 



Ik 



dO 



/3 



'k 



\ 



r /6 






86 



4S 
100 



86 



86 



SS 



8S 



8S 



/§ 



84 



*1 
16 



>% 



83 



'% 



83 
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Taking the 5000-pound load as the 
point of reference, 



Loads Distances 

5000 X 
3000 X (+60) 
3000 X (+100) 
4000' X (—45) 



Moments 

= 000 

= + 180,000 
= + 300,000 
= —180,000 



15,000 lbs. 



300,000 



300,000 



: 20 inches. 



15,000 

The dimension thus found is the dis- 
tance of center of gravity to the right 
of the line of reference (= x) in Fig. 1. 

Placing the load so that the center 
of the span is midway between the cen- 
ter of gravity and the heaviest wheel 
load, or, what is the same thing, placing 
the load so that the center of gravity 
of all the loads and the heaviest load are 
equidistant from the supports, gives the 
locations as indicated at the bottom of 
Fig. 1. To find R\ and R T take moments 
as follows : Since the center of gravity 
of all loads is now known, consider them 
concentrated at this point; then R\ 
15,000 X HO 

•= = 6875 pounds and R T = 

240 
15,000 X 130 



-=8125 pounds. Taking 



240 

moments under the 5000-pound load, 
6875 X HO = + 756,250 
4000 X (—45) = — 180,000 

Maximum moment = 576,250 inch- 
pounds. 

Two Wheels Equally Loaded 

The general rule previously stated, 
when applied to two wheels equally 
loaded, may be given as follows: 

When the wheel-base is less than (2 — 
V2j times the span (=0.5858 X span), 
the maximum moment occurs with both 
wheels on the span and when the dis- 
tance from one support to the wheel 
nearest to it is equal to one-half the span 
minus one-fourth the wheel-base. 

When the wheel-base exceeds 0.5858 
times the span, the maximum moment 



occurs when one wheel is in the center 
of the span. 

From this the maximum stress can be 
calculated when the section modulus is 
known, or the section modulus required 
to withstand a given moment and not ex- 
ceed a specified stress may be deter- 
mined. 

The first part of the chart on page 28 
gives in condensed form the location for 
the maximum moment, with formulas 
for same. The second part gives a sum- 
mary of the formulas for two wheels 
equally loaded, together with diagrams 
showing how the moment and shear 
varies for a specific location of the load, 
or for any point of the beam. 

The third part of the chart on page 
28 refers to the oblique reaction caused 
in a beam carrying a moving load and 
supported at one end by a tie-rod or a 
strut making an acute angle with the 
beam. In the case of a strut, this pro- 
duces a direct tensile stress in the beam 
in addition to the bending stress, and in 
the case of a tie-rod a direct compressive 
stress is produced. A familiar example 
of this latter case is found in the ordi- 
nary jib crane. 

The tables on page 29 give values of 
the variable V m in the formula M = 
WLV m , where M = the moment occur- 
ring at any point throughout the length 
of the beam, L = length of span, and W 
= the load. The lower table on this 
page gives values of the variable *P B , in 
the formula & = W7 B where £ = the 
shear at any point of the beam, and W 
= the load. 

The diagram on page 30 gives the 
same data as the tables on page 29, but 
in diagram form, which makes it easier 
to interpolate for intermediate values. 
By the aid of these tables or diagrams, 
the moment or shear at any point on the 
beam or girder can be quickly deter- 
mined. This being known, it is easy to 
find the section modulus required, how 
close to the supports it may be necessary 
to bring the cover plates if a built-up sec- 
tion be used, and at what point the 
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sliear decreases sufficiently so that the 
Web stiffeners may be omitted when such 
is permissible. 

Example. — A girder of 20 feet span 
supports a load of 30,000 pounds carried 
on two wheels equally loaded, the wheel- 
base being 10 feet. What is the maxi- 
mum moment? 

Solution.— L = 12X20 = 240 inches ; 
W = 30,000 pounds; £ = 10 feet = 0.5L. 
From the table on page 29, or the dia- 
gram on page 30, the maximum value of 
V m is found to be 0.1406, say 0.14, then 
M = WLV m = 30,000 X 240 X 0.14 = 
1,008,000 inch-pounds. This is the an- 
swer to the question. 

Example, — A girder carries a moving 
load on two wheels equally loaded, the 
wheel-base being 0.2 of the span. At 
what point could the outside cover plate 
be stopped off if it constitutes one-third 
of the flange area? 

Solution. — It could be stopped off at a 
point where the moment is two-thirds 
the value of the maximum moment. Re- 
ferring to the diagram on page 30, the 
curve for B = 0.2L shows the maximum 
value of V m to be 0.2025. Two-thirds of 
0.2025 = 0.135. The same curve shows 
for Y m =0.135 that 7) = about 0.19L, 
which is the required answer. If the 
girder were 40 feet long, the outside 
cover plate could be stopped off at 0.19 X 
40 = 7.6 feet from each end. The plate 
should be carried beyond the theoretic 
point for a distance sufficient to insert 
two or three rivets. 

Example. — The wheel-base being 0.4 
the span, what is the maximum shear? 

Solution. — By referring to either the 
table or diagram, the maximum shear is 
found to be 0.8 of the load. 

Beams Unsupported Laterally 

The Cambria Steel Co. gives the fol- 
lowing formula, 

18,000 

S c = 

V 

1 + 

3000 b % 
in which S c = safe compressive stress 



when the safe tensile stress is 16,000 
pounds per square inch. This formula is 
derived from Gordon's by making an al- 
lowance for a factor of safety and taking 
into account the fact that the compres- 
sion flange receives some support from 
the parts in tension. 

The diagram on page 31 is based upon 
this formula, which gives values on the 
side of safety. The curve giving safe 
compressive stresses for various ratios of 
L 

— corresponding to 16,000 pounds per 
b 

square inch tensile stress was laid out 
from values calculated by the above for- 
mula. The curves for the lower allow- 
able tensile stresses were reduced pro- 
portionally; thus, for 14,000 pounds ten- 

14,000 
sile stress any value of S c = = 

16,000 
% of the value for 16,000 tensile stress. 
[Machinery, March, 1908, Maximum 
Stresses.] 

Stresses in the Members of 
Roof Trusses 

On pages 32 to 35, inclusive, explana- 
tory matter and tables are given for de- 
termining the stresses in the members 
of roof trusses. The tables give the per- 
centage which each member of a roof 
truss bears of the total load, in the 
various designs, and the explanatory re- 
marks on page 32 give further explana- 
tion regarding the method of using 
these tables. 

Splices for I-Beams and 
Channels 

It often happens in the use of rolled 
shapes for structural purposes, that the 
material could be spliced together con- 
veniently and with economy, provided an 
efficient and reliable form of splice were 
available. Splices for I-beams and chan- 
nels, efficiently arranged and carefully 
calculated, are shown on pages 36 to 42, 
inclusive. The sections are taken from 
Carnegie's Hand-book, and a medium sec- 
tion of each size has been chosen. In 
every case the splices for I-beams and 
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channels consist of a top and bottom 
plate, or plates, riveted to the flanges, 
and two side plates riveted to the web. 

The reason why medium-sized sections 
have been selected for the calculations, 
rather than the so-called standard sec- 
tions, is that the medium-sized section 
more nearly fulfills the average require- 
ments in design, and as the steel mills 
constantly roll other than the standard 
sections, they can easily be obtained. 

The efficiency of the riveting, net sec- 
tion of the beam, etc., are also given in 
percentages on the pages referred to. 
Splices are not shown for I-beams and 
channels smaller than the 6-inch sec- 
tions, because it is not often necessary 
to splice such small pieces; also, the 
efficiency of the splice would probably 
be low. [Machinery, November, 1909, 
Splices for I-beams and Channels.] 

Proportions of Riveted Joints for 
Pressure Tanks 

The tables and diagrams on pages 43, 
44 and 45 are made up for use when de- 
signing tanks subjected to internal pres- 
sure. On page 43 are given standard 
proportions for riveted joints for tanks 
of this kind. The standard longitudinal 
seams used for pressure tanks are: 1. 
A single riveted lap joint with an effi- 
ciency from 51 to 59 per cent. 2. A 
double riveted lap joint with an effi- 
ciency ranging from 60 to 74 per cent. 
3. A double strap triple riveted butt 
joint with an efficiency varying from 83 
to 88 per cent. 

The dimensions required for laying 
out the riveted joints for any of these 
three types are given in the table on 
page 43. Page 44 gives the plate thick- 
ness required for varying working pres- 
sures in pounds, tank diameter in feet, 



and different types of riveted joint. For 
example, assume that the working pres- 
sure in a tank is 200 pounds per square 
inch, that the tank is 6 feet in diameter, 
and that a double strap triple riveted 
butt joint is to be used. Then locate 
200 pounds on the scale at the bottom of 
the diagram on page 44, and follow the 
vertical line from 200 until it intersects 
the diagonal line for 6 feet tank diam- 
eter. From the point of intersection 
follow the horizontal line until inter- 
secting the diagonal line for a double 
strap joint. From the point of intersec- 
tion thus located follow a vertical line 
downwards to the bottom scale. It will 
be seen that a plate thickness of slightly 
more than 3/4 inch is required. In this 
case, a plate 13/16 inch thick would 
probably be used. 

Page 45 gives a diagram by means of 
which it is possible to determine the ap- 
proximate weight of a pressure tank 
when the length and diameter in feet 
and the thickness of the shell in inches 
are known. Assume as an example that 
the diameter of a tank is 10 feet and the 
length 20 feet. The plate thickness is 
5/8 inch. Adding the length and diam- 
eter together, the sum 30 feet is located 
to the left on the bottom scale in the 
diagram on page 45 and the vertical line 
from 30 is followed until it intersects 
the diagonal line corresponding to a 
diameter of 10 feet. From the point of 
intersection follow the horizontal line 
until it intersects the diagonal line for 
5/8-inch plate thickness, and from this 
point of intersection follow the vertical 
line downward to the bottom, where the 
approximate weight of the tank, 30,000 
pounds, is found. [Machinery, July, 
1910, Weights of Cylindrical Pressure 
Tanks.] 
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